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ABSTRACT

An attempt has been made to establish relationships between drug solubility, drug 

level, filler solubility, filler level and film coat level and the formation of and drug 

release from film coated pellets.

The experimental design was based on the study of the different groups of influencing 

factors. The formulation design was centred on a preparation based on propranolol 

hydrochloride: lactose: cellulose microcrystalline (2:3:5). The drug and filler were 

successively replaced by more soluble and insoluble materials. The uncoated pellets 

were produced by an extrusion/ spheronization process. Water at different levels was 

used as a binding agent to obtain the wet mass. It was found that it behaved as an 

active excipient due to its influence on pellet performances. The uncoated pellets were 

analysed for their physical characteristics of median particle size, geometric shape, 

density, porosity, mechanical strength, specific surface area and surface appearance. 

The coat system analysed was based on a plasticized ethylcellulose derivative 

(Surelease E-7-7050) at a 5% level (weight gain). The experimental design comprised 

a comparison of the same polymer in a higher and lower level, other polymer 

materials and a study of the plasticization effect. The analysis of the dissolution data 

was based on the determination of statistical moments, the mean dissolution time 

(MDT) and its variance (VDT) and their relationship applied in the calculation of the 

release rate constant. The relative dispersion coefficient (RDC) was used as a 

discriminatory factor between common mathematical kinetic models (zero-order, first 

order, square root of time and cube root law). Preparations showing a non-Fickian 

release were analysed according to the general exponential equation. Simulated 

release profiles based on the determination of model independent variables were used 

for the prediction of the release behaviour. The ANOVA and canonical analysis 

performed allows respectively the qualification and quantification of single and cross 

effects. Based on these results predictions were drawn relating the uncoated pellet 

formulation and coat level to the drug release profile.
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Chapter 1- Introduction

1.1. General Introduction

1.1.1 Sustained release drug delivery systems

During the recent years sustained release drug delivery systems have received 

considerable attention from the pharmaceutical and device manufacturing industries 

because they offer advantages over the so called conventional systems (Madan, 

1985a). Among these, the dosage forms for oral administration, due to their 

popularity, still provide the major concentration of workers in this field. Basically the 

production design is intended to modify and improve drug release performances by 

increasing the duration of drug action and reducing the frequency of administration 

(Madan, 1985c). This means that the formulation of these systems should be able to 

provide, for a predetermined period of time, a consistent supply of drug, equal to the 

amount being eliminated from the body.

1.1.1.1 The requirements of the drug for sustained release

The development of these systems involves several important considerations mainly 

related to the physicochemical and biological properties of the drug (Table 1.1).

Prior to the design of a controlled release system, drugs must be analysed for their 

biological half-life. As a general rule, drugs with very short or long half-lives are poor 

candidates for formulation as oral sustained release dosage forms. The former because 

such a great quantity of drug is needed (Farina and Llabrés, 1987) making it difficult 

to swallow and potentially dangerous if the delivery system fails and releases the 

entire content at once. The very long half life drugs because they are already 

inherently sustained release (Madan, 1985b).
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Table 1.1 Properties of drugs that influence the design of drug delivery systems^)

Drug Considerations

Physicochemical properties

Biological properties

Aqueous solubility and stability of the drug 
molecular size and diffusivity of the drug 
Partition coefficient and pKa of the drug 
Protein binding
Type of dosage form and size of the dose

Absorption characteristics of the drug 
Biological half-life 
Body movement
Distribution characteristics and metabolism
Duration of action of the drug
Margin safety and side effects of the drug
Role of the circadian rhythm
Role of disease state and tissue injury
Role of diurnal variation
Drug administration route_______________

(^)Adaptation from Madan, 1985b

This means that only drugs which comply with some pharmacokinetics parameters 

could be considered for this purpose. The following are usually highlighted (Ligarski 

et al., 1991; Kallstrand and Ekman, 1983; Farina and Llabrés, 1987):

- drugs with low therapeutic index and a half life of 3 to 8 hours;

- drugs with high therapeutic index and a half-life between 20 min and 3 

hours;

- drugs with secondary effects occurring at high concentrations at the 

absorption site;

- drugs that potentially produce secondary effects when the highest serum 

concentration is reached due to a faster absorption and slower distribution and 

elimination;

- solubility and stability throughout the gastrointestinal tract.
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1.1.1.2 Design of sustained drug release systems

The design of these formulations is usually based in one of the three following 

methods:

1. biological or clinical methods

2. chemical methods

3. pharmaceutical methods

The first is based on modifying the physico-chemical and/or biological environment 

of the drug while the second falls in the domain of the medicinal chemist rather than 

the pharmaceutical formulator.

The pharmaceutical methods are based on providing a slow release of the active 

compound through the dosage form itself. Unlike the biological and chemical 

methods, these do not alter the absorption, distribution or elimination patterns of the 

drugs. Several techniques have been introduced for this purpose which can be 

summarised as follow:

- reducing the solubility of the drug in the dosage form or

- reducing the rate at which the drug is released or

- both of them

They may involve the dissolution and/or diffusion of the drug through the delivery 

system matrix (Phuapradit et al., 1995; Mulye and Turco, 1994b, Zhou et al., 1996) 

such as microcapsules (Hasan, et al., 1992; Gunder et al., 1995) or wax microspheres 

(Adeyeye and Prince, 1991), ion-exchange resins, osmotic pumps (Lindstedt et al., 

1991) that either mechanically or chemically provide drug in a controlled manner. In 

some instances the formulator attempts to combine the principles of more than one 

technique in order to maximise their advantages and minimise their drawbacks.
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1.1.1.3. Multiparticulate oral dosage forms

Oral sustained-release multiple-unit dosage forms consist of numerous sub-units 

showing drug release profile easier to control than with single unit dosage forms 

(Follonier and Doelker, 1992). It would appear that the bioavailability of the divided 

dosage forms is more constant (Vecchio and Bianchini, 1989) providing a longer- 

lasting and more reliable source of drug (Ladefoged and Bechgaard, 1978).

In the pharmacological point of view as a high degree of dispersion is achieved in the 

digestive tract, the risks of local irritation (Sarisuta and Punpreuk, 1994) or sudden 

dose dumping can be minimised (Follonier and Doelker, 1992). Moreover, the 

evacuation through the pylorus spreads over a long period of time ensuring improved 

predictability and less dependence on the state of nutrition (Chetty and Dangor, 1994). 

On the other hand, the possibility of controlling the release profile by combining 

spheroids of different natures and even incompatible drugs (Nesbitt, 1994) or by 

combination in the same dosage form substances with different kinetics properties, is 

viewed as an important technological advantage (Doelker and Follonier, 1992).

1.2. Pellets

Among these preparations, pellets, due to their particular mechanical properties 

(Hileman, 1993; Aulton et al., 1994), shape and dissolution behaviour (Lindner and 

Kleinebudde, 1994) show an attractive way in the design and development of this 

kind of preparations. Their growing popularity is related to the possibilities of this 

form which allows, by a coating process (Ragnarsson, 1992), the provision of 

different liberation profiles for the same drug.
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1.2.1 Preparation of pellets

Different processes to produce pellets are available. The preparation of neutral pellets 

with further load with a drug solution (Jackon et al., 1989; Recki, 1989; Sheen, 1992), 

phase inversion (coacervation) process (Kurumaddali et al., 1994), crystallisation, 

agglomeration of powder (Ragnarsson and Johansson, 1988) or by extrusion/ 

spheronization (Newton, 1990) are some of them.

1.2.1.1 Extrusion/spheronization

Extrusion spheronization is a suitable process to obtain high drug-loaded pellets 

(Hileman, 1993; Vecchio and Bianchini, 1989; Funck et al., 1991) with over 80% 

w/w of the drug provided that its physico-chemical properties and other formulation 

components are amenable to processing (Bianchini, 1992).

This process consists basically in the mixing of the powder ingredients, producing a 

wet mass suitable for extrusion (Harrison, 1985) which gives, after spheronization 

individualised spherical particles or pellets (Newton, 1990; Ku et al., 1993).

1.2.2 Formulation

In the development of such formulations, it is important to investigate the influence of 

different interacting factors on the drug release properties. Thereby, critical factors 

and steps in the formulation design as well as the process parameters might be 

identified in order to establish a correct production chart prior to scaling-up 

(Ragnarsson, 1992).

The formulation of pellets is usually based on the drug and fillers in proportions that 

vary with the physical characteristics of the drug, mainly its solubility (Eerikainen, 

1991) particle size and density (Ladefoged and Bechgaard, 1978). The drug and
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excipient type, fluid levels and particle size were identified as key factors influencing 

the pellet quality (Newton, 1990; Ragnarsson, 1992).

One component usually present in these formulations is microcrystalline cellulose. 

This material has been found to be of fundamental importance to the system and its 

function appears closely related to how water is held within the powder mass, and 

how the mechanical processing influences the mobility of water (Fielden, 1988). The 

property of the microcrystalline cellulose, described as a "molecular sponge" (Knight, 

1993) to physically retain water not only confers plasticity to the wetted mass but also 

imparts binding properties that are essential to obtaining pellets.

1.2.2.1 Drugs

The release pattern of drugs from pellets is clearly influenced by their own physical 

properties such as solubility and particle size. As pointed out by Ragnarsson (1992) 

all the three phases of drug release profiles - lag time, constant release phase and 

declining rate phase - are strongly influenced by the drug solubility.

1.2.2.2 Fillers

Since the use of different fillers influences the drug release, their choice depends on 

the characteristics required for the system. If an insoluble drug is present one way to 

accelerate the dissolution rate is the incorporation of water soluble excipients, 

surfactants or disintegrants (Kleinebudde and Lindner, 1994). The use of dicalcium 

phosphate dehydrate, a commonly used water insoluble pharmaceutical excipient has 

been found to be useful in controlled release of highly water soluble drugs by forming 

either a matrix system (Mulye and Turco, 1994) or a compact structure (Lin et 

al. 1995). On the other hand the presence of lactose as well as mannitol implies that 

some of the filler can be dissolved in the "free" water which consequently increases
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the effect of wetting with consequent effect on drug release (Vecchio et al, 1994). 

Moreover the option for fillers such as glucose which promotes a high osmotic 

pressure also increases the dissolution rate. The particle size of lactose is an important 

formulation factor which can influence the process (Fielden et al, 1989).

The difference in drug release provided by insoluble fillers is often shown only after 

coating. Bansal et. al. (1993) found that pellets obtained with different levels of MCC 

have the same physico-chemical properties and similar release profile while uncoated. 

However, after coating with Surelease, the granules containing 50% of MCC 

exhibited faster release than those containing 25% of MCC which can be explained by 

the water absorbing, swelling and disintegration properties of MCC. On the other 

hand the substitution of lactose in the cores with tartaric or citric acids caused a clear 

decrease in drug release rate; on the contrary fumaric acid or sodium citrate do not 

modify substantially the drug release profiles at least at pH of the examined 

dissolution medium (Bianchini et al., 1993).

1.2.2.3 Water

Water is the most frequently used binder agent in this process. Although its 

predominant function is to obtain a wet mass suitable for extrusion, this component 

has been seen to be of great importance in relation to the physical performances of the 

end product (Bains, et al., 1991). Because it acts as a binder during the wet massing, a 

lubricant during the extrusion and a plasticizer during the spheronization (Hileman, 

1993) water should be considered as a key factor in the process. The amount required 

depends largely on the solubility of the components present in the formulations, and 

because a precise relationship is not known the correct quantity is often determined by 

trial and error for each formulation.
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The quantity of water has a far greater effect on the extrusion force for preparations 

used in the ram extruder than screen extruders, which can be explained by the water 

movement that occurs when a ram extruder is used (Baert et al., 1992). The pellet size 

and the size distribution are also strongly influenced by the amount of water required 

to obtain the plastic mass (Hasznos et al., 1992; Héllen et al., 1993: Ku et al., 1993). 

Sonaglio et al. (1995) have suggested that there is a cross effect between the level of 

water and the spheronizer speed which is responsible for sphere density.

1.2.2.4 Binder solutions

Powder agglomeration can be obtained using solutions of different binders. Although 

the effect on the drug release is often negligible even if the pellet disintegrates or 

remains intact throughout the dissolution test (Funck et al., 1991) the utilisation of 

binders does not show any technological advantage, even with high drug levels.

When water is contraindicated, Deasy and Gouldson (1996) suggested a non-aqueous 

spheronization technique.

1.2.3 Process parameters

1.2.3.1 Extrusion

The process of extrusion/spheronization can be described as the transformation of a 

material when it changes from a dry mixture of powders to small individualised 

spherical particles - the pellets. The whole process consists of successive steps 

strongly related to each other. To achieve this goal it is necessary to obtain a wet mass 

which possesses some rheological properties. First of all it must be extrudable which 

means that it should be possible to change the mass from a large to a small cross- 

section. The material in this phase is pushed through a die with a selected diameter 

hole. The initial pressure required before the flowability of the material starts, was 

designated by Harrison et al. (1985) as the compression stage and is moisture content
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dependent During this phase the mass initially formed as a three phase system, 

namely air, water and particulate solids, tends to form a two phase mixture, with air 

being eliminated. The length of the compression stage may give information on the 

compressibility of the material selected for extrusion/ spheronization. When this 

equilibrium is achieved, the material starts to flow and during this phase - steady state 

flow - the applied pressure required to maintain the flow remains constant (Harrison et 

al., 1985). The extrudate obtained during this phase is independent of the 

displacement force and ideally all the extrusions should take place in this phase. To 

achieve this, the quantity of deformable materials or the water content are usually 

varied. Also, and in contrast to other granulating methods, especially granulation in 

high speed mixers, the porosity of extrudated cylinders increases when the water 

content increases which clearly indicates that no further consolidation of the wet mass 

occurs during the flow through the die (Jerwanska et al., 1995). The final stage of the 

extrusion process - forced flow stage - shows an increase in the extrusion force prior 

to the cessation of flow. This is either due to the plunger approaching the end of the 

barrel or loss of water from the extrudate by fluid migration. The extrudate obtained 

should be deformable to provide a round granule which has sufficient rigidity to avoid 

deformation before drying (Newton, 1994).

The extrusion process and the extrudate depend largely either on the type of 

equipment used such as gravity feed extruders (Baert, 1991; Fielden et al., 1992), 

single screen extruders (Barrau, 1993), radial screen (Bianchini et al., 1992), ram 

extruders and the characteristics of the wet mass. Also, as recently reported by 

Vervaet and Remon (1996), modifications in the same type of extruder, such as 

design of the perforation method of the extrusion screen and the perforation geometry 

can affect the quality of the pellets, and should be considered in the pre-formulation 

studies of an extrusion/spheronization process.

The most important parameters influencing the extrusion forces are the solubility of 

the excipient and the amount of the fluid phase (Baert, 1992). However, by
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monitoring the ram force during extrusion it is possible to assess the formulation by 

examining the resultant force/displacement profile (Harrison, 1985).

For the same formulation the physical properties of the pellets and their dissolution 

behaviour are influenced by the spheronization methods. The forces involved during 

the marumizer process are higher when compared with the pan method which lead to 

more cohesive particles that do not break during the dissolution process (Zhang, 

1990).

Other extrusion conditions such as speed (Ku, 1993; Hasznos, L. et al., 1992), 

extruder screen size (Sonaglio, 1995; Malinowski and Smith 1975) and their cross 

effects were studied by Hasznos et al. (1992). As the extrusion process can also be 

responsible for an increase in pellet density and it exerts an important influence on 

pellet size distribution (Ladefoged and Bechgaard, 1978) this parameter should be 

monitored.

1.2.3.2 Spheronization

The resultant extrudate must be brittle enough to break down into small lengths 

during the spheronization but sufficiently plastic to form spheres. In addition to the 

formulation requirements, the spheronizer load does increase hardness, lower 

sphericity (Woodruff and Nuessle, 1972) and results in smoother pellet surface. 

Consequently spheronizer load can influence the porosity and quality of coated beads 

during spheronization (Barrau, 1993). Other process parameters such as 

spheronization speed and time (Ku, 1993), spheronizer speed (Sonaglio, 1995; 

Malinowski and Smith, 1975) play an important role in size distribution and 

mechanical strength of pellets, being the characteristics related to the centrifugal force 

applied during spheronization (Ligarski, 1991).
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1.2.3.3 Drying

As different drying processes are usually used, it is important to mention that the 

dynamic of water removal varies with consequences on the pellet's performances.

As analysed by Bataille et al. (1993) the static drying in a tray-oven gave less porous 

and harder mini granules and a more homogeneous surface than those dried by 

microwave. The fast drying achieved with this method is due to an instant discharge 

of heat inside the mass, thus giving a quasi-immediate loss of the water. The higher 

porosity is, therefore, explained with the consequence of a weakening in the 

interparticular links translated by a decrease in the strength of the pellets. On the other 

hand, when a comparison is made between pellets dried by fluid bed and oven-tray 

the former achieves the desired moisture content much more quickly due to the rapid 

evaporation of water as a result of the turbulent motion of the fluidised particles, 

whereas in the second case water removal is slow due to the static nature of the bed 

(Bataille et al., 1993).

Differences in mechanical strength are then explained because during the drying 

process any residual moisture in the product leads to the formation of solid bridges in 

the granules by fusion at the point of contact. For solute particles (for example 

lactose, dissolved in the granulating fluid), crystallisation of the dissolved particles 

will cause a greater degree of bonding and hence a mechanically stronger particle. It 

seems that pellets made with soluble fillers will be stronger than those with less 

soluble material (Dyer et al., 1994).

The differences in water removal can also be related to the drug release. It was shown 

that pellets dried in a tray-oven exhibit a slightly faster drug release than those dried 

in a fluidised-bed dryer (Dyer et al., 1994). It is assumed that a slower water removal 

from the static bed leads to a degree of solute migration. Althought this is not 

important with insoluble drugs, with pellets containing a large amount of soluble 

excipients solute migration can occur during drying, which leads to the production of
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pellets characterised by impaired surface quality such as smoothness. This will 

influence the film deposition and formation (Dyer et al., 1994).

1.3. Coating

Film coating of tablets and pellets is a current practice in pharmaceutical technology 

due to the advantages that these coated systems show when compared with the 

uncoated. The following characteristics have been identified as the major advantages 

of the coating process (Porter, 1982):

- protection of the drug from its surrounding environment (particularly air, 

moisture and light) in order to improve stability;

- masking of unpleasant taste and odour;

- improved product identity, from the manufacturing plant, through 

intermediates and the patient;

- facilitated handling, particularly in high speed packaging/filling lines where 

the coat minimises cross-contamination due to dust elimination;

- reduced risk of interaction between incompatible components;

- improvement in product mechanical integrity, since coated products are 

usually more resistance to mishandling.

Although many film coats are often applied for the above purposes certain 

fundamental properties of the polymer and film formulations can be used to control 

the ultimate release of the drug (Porter, 1982; Phuapradit, 1995; Vecchio and 

Bianchini, 1989).

1.3.1 Principle of film coating

The application of a film to a solid is a very complex process. A layer of coating does 

not occur during a simple passage through the coating zone, but relies on many such
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passes to produce complete coverage of the surface. Droplet formation, contact, 

spreading, coalescence and evaporation as illustrated in Figure 1.1 occur almost 

simultaneously during the process (Jones, 1994). The properties of the polymeric 

films are also undoubtedly dependent on the solvents used to dissolve the polymer 

(Laguna et al., 1975; Guo, 1994).

Figure 1.1 Dynamics of the coating process (adapted from Jones, 1994)
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Two main groups of polymers are used in the film coating process: the organically 

based and the aqueous systems. The most notable difference between solvent-based 

and latex/pseudolatex coating systems lies in the mechanism of film formation 

(Hutchings et al. 1994; Doelker, 1983).

Al thought solvent based film coating was largely used, the necessity to circumvent 

restrictions imposed on the use of organic solvents (Hogan, 1982) has led to the 

development of a variety of lateces for pharmaceutical applications. An aqueous latex 

or pseudo-latex consists of colloidal polymer particles dispersed in water. Lateces are 

obtained from water insoluble acrylic monomers by emulsion polymerisation 

(Eudragit NE 30D) while pseudolateces are prepared by émulsification of 

ethylcellulose (EC), in solution (Aquacoat) or melt (Surelease) into an aqueous phase 

(Bodmeier and Paeratakul, 1990).
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1.3.1.1 Organic system

The formation of film coatings from a polymer solution involves spraying of the 

coating solution onto a suitable substrate followed by the wetting and deformation of 

the sprayed droplets and entanglement of the polymer chain. As the solvent 

evaporates, the polymer gels and, with further loss of solvent, a continuous film is 

produced (Laguna et al., 1975).

It was found by Guo (1994) that the porosity of EC films increases when water is 

added to the polymeric solution. Apparently, the decrease in film density is due to an 

increase of the porosity of the polymeric films applied.

1.3.1.2 Aqueous systems

The formation of films from water soluble polymers is usually applied only when 

physical protection or amelioration of the dosage form is required. Since the 

membrane obtained is water soluble this kind of film formers is often not suitable for 

sustained release purposes. One of the most widely used polymers belonging to this 

category is the hydroxipropylmethylcellulose (HPMC). The process of obtaining the 

film only requires the dissolution of the polymer in water. If the presence of additives 

is necessary, they only should be added after total dissolution of the polymer. 

However some of these additives, such as pigments might decrease the retention of 

water and lead to a weaker film (Brossard, 1982). It was also reported that the 

addition of plasticizer such as propylenglycol modifies the permeability of the film 

which can negatively interfere with their mechanical properties (Delporte, 1980).

The formation of films from water insoluble polymers based on aqueous system is 

rather different because the particles are not soluble and have to undergo some 

alterations before the membrane is formed. This mechanism can be divided in three 

steps (Yang and Sellasie, 1990): an initial stage where the polymer particles are free 

to move and drying occurs at a constant rate; an intermediate stage in which the
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panicles come into irreversible contact with one to another and start coalescing into a 

continuous film, and a final stage in which the residual water escapes at very slow rate 

by diffusion cither through capillary channels between the deformed spheres or 

through the polymer itself. Figure 1.2 represents the formation of a coating membrane 

in an aqueous process as proposed by Bindschaedler et al. (1983).

Figure 1.2. Schematic representation of the formation of an aqueous polymeric 

film.
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The principle involved in the preparation of aqueous based films, so called lateces 

systems is that the dispersed polymeric particles must experience coalescence. The 

polymer chains are not solvated so additional energy is required to cause 

entanglement. This process involves overcoming particle-particle repulsion due to 

electrostatic forces and particle rigidity. Capillary forces resulting from the higher 

surface tension produced as water between latex spheres evaporates provide much of 

the energy required for film formation (Hutchings et al. 1994). However two other 

energetic sources must be considered:

- the heat of the surroundings which is converted to useful (film forming) 

work by evaporation of the water;

- evaporation of the water through the polymer particles themselves.
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The contribution of capillarity and wet sintering to the film forming process were 

found to be of greatest interest during the first part of the particle coalescence process 

(Sheetz, 1965).

1.3.1.3 Curing temperature

Changes in the drug release patterns have been observed with dosage forms coated 

with colloidal polymer dispersions (Yang and Sellasie, 1990) which were attributed to 

an incomplete coalescence of the colloidal particles during the coating process. This 

ageing phenomenon affects the microstructure of the membrane and hence its 

permeability and drug release.

To overcome this problem, a thermal treatment (curing) of the solid dosage forms 

immediately following the coating process is often recommended which allows 

further particle coalescence and achieves complete film formation (Bodmeier and 

Paeratakul, 1994). This means that though the minimum forming temperature is 

reached it may not have been sufficient; with ethylcellulose films, such as Aquacoat, 

only solidified films obtained after thermal treatment withstand the "dissociation 

stress" at higher pH values. The dissociation of carboxylic groups of ethylcellulose 

leads to a rise in permeability if the film is complete or to cracking or bursting in the 

case of incomplete film formation (Lippold et al., 1989). The physical ageing of both 

solvent and cast films results in elongation or elasticity, accompanied by an increase 

in tensile strength (Rocca and McGinity, 1993).

During the storage or ageing of the films, further gradual coalescence occurs whereby 

the polymer chains and segments in adjacent polymer particles diffuse across particle 

boundaries, eventually leading to complete coalescence and disappearance of the 

individual particle contours. This final stage of the film formation process is time and 

temperature dependent (Bodmeier and Paeratakul, 1994). However, as pointed out by 

Yang and Sellasie (1990), if the conditions of the coating process are such that the
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polymeric spheres are not, at least, partially fused, further coalescence does not appear 

to take place even if the coated pellets are subsequently subjected to high 

temperatures.

The film layer obtained at low temperature appears spongy and does not contain well 

defined and discrete polymeric beads. Coating at elevated product bed temperature 

also does not produce optimum films. In this case the rate of water evaporation may 

overcome the diffusion between the polymeric spheres to the surface and prevent the 

development of the necessary capillary pressure required for the deformation of the 

polymeric spheres. The result would be the formation of porous films which contain 

poorly coalesced spheres, in spite of the processing temperature being higher than the 

softening temperature of the plasticized polymer. In contrast, a medium product bed 

temperature appears to be high enough to prevent appreciable drug migration into the 

film layer and sufficiently low to allow, during the water evaporation, the 

development of the capillarity forces needed for polymer deformation and fusion. 

Application of insufficient thermal energy during film deposition not only inhibits 

deformation and fusion of the polymeric spheres, but also allows migration of water 

soluble-substracts into the film layer.

Excessive heat also results in the formation of poorly coalesced spheres due to a high 

evaporation rate of water. Because of the differences in the physicochemical 

properties of the subs tracts, the glass transition temperature of polymers and solubility 

parameters of plasticizers, the effect of bed temperature on the properties of films 

formed from various formulations is expected to be different. Consequently, the 

optimum bed temperature range for a given polymeric dispersion-based formulation 

should be determined prior to the development of controlled-release products (Yang 

and Sellasie, 1990).
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1.3.1.4 Film characteristics

Factors affecting the membrane properties and thickness are the type of polymer used, 

the additives as plasticizers and pigments and the solvents or vehicles due to the effect 

on the morphological structure of the membrane (Bianchini, 1993). The 

microstructure as well as the film characteristics can also be modified changing the 

operating conditions, such as type of coating equipment, type of spray pumping, spray 

rate, drying temperature, drying rate and spray droplet size (York and Okhamafe, 

1987).

1.3.2 Film formulation

Because the membrane is the release controlling element and constitutes the essential 

part of the sustained release system, the preparation methods, as well as the materials 

used, summarised below are of great importance in such formulations.

1.3.2.1 Polymers

The type of polymer system applied to a pellet surface is a major factor affecting drug 

release characteristics (Brossard, 1982). The nature of the film coat is determined 

largely by the polymer, but also by the presence of other excipients within the coating 

dispersion (Dyer et al., 1995).

One important characteristic of these materials is their glass transition temperature 

(Tg) which represents the lowest temperature where an amorphous polymer assumes 

the characteristics of a glass, particularly hardness, stiffness and brittleness.

The dramatic changes in physical properties are due mainly to the fact that in the 

glassy state, molecular movement other than bond vibration is very limited. Above the 

transition temperature, the molecule has more energy and the movement of molecular 

segments becomes possible. The glass transition does not involve a change in state.
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since the glass retains the amorphous structure of a liquid rather than the regular 

structure of a crystal (Porter and Ridgway, 1983).

The measurement of the Tg for a specific polymeric material is considered an 

important value because it allows the prediction of the amount of plasticizer required 

and the setting of the best coating conditions (Entwistle and Rowe, 1979; Porter, 

1983).

A closely associated property of polymers is their minimum forming temperature 

(MFFT) which is several degrees above the Tg (Sellasie, 1986). Because the working 

temperature is usually lower than the MFFT a plasticizer should be added to 

guarantee that the polymeric material acquires the softness required to form a 

membrane (Schmidt and Niemann, 1993).

1.3.2.2 Plasticizers

Since the latex forming process involves the fusion of individual polymer particles to 

form a continuous membrane, sufficient plasticizer must be present to cause a 

lowering of the minimum film-forming temperature (Bindschaedler, et al., 1983), thus 

enabling the coalescence and deformation of the polymeric particles under normal 

operation conditions of the coating chamber (Dyer et al. 1995).

To be effective a plasticizer must interpose itself between the polymer chains and 

interact with the forces holding the chains together, thereby extending and softening 

the polymer matrix (Rowe, 1982). Heinàmàki (1994) found a clear relationship 

between some physical film properties such as moisture permeability, ductility and 

molecular weight and concentration of PEGs used as plasticizer.

The plasticizer is supposed to modify the thermal and mechanical properties of the 

polymer(Sinko, 1989) and improve its film forming characteristics (Guo, 1994a). 

These effects are the result of the plasticizer weakening the polymer intermolecular
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attractions and increasing the polymer's free volume, thus allowing the molecules to 

move more freely by increasing their flexibility (Rocca and McGinity, 1994). 

According to Guo (1994b) the most important transformations undergone by the 

polymeric material are:

- lowering of rigidity at low temperature, the melt viscosity and elastic modulus;

- lowering of transition temperature, at which substantial deformations can be 

affeeted with small forces;

- increasing the elongation of polymers.

The effectiveness of a plasticizer for a particular polymer or polymeric dispersion will 

depend on the plasticizer-polymer compatibility and the permanence of the plasticizer 

in the film during coating storage, and during contact with artificial or biological 

fluids (Bodmeier and Paeratakul, 1994b). A direct relationship between plasticizer 

content and rate of solvent evaporation from the film was established (Rocca and 

McGinity, 1993). Higher coneentrations of the plasticizer were found to increase the 

evaporation of the solvent. This enhaneement at evaporation is due to the stronger 

molecular interaction forces between the polymer and the plasticizer rather than 

between the polymer and the solvent.

1.3.2.2.1 The influence of the plasticizer on the drug release

The plasticizers are generally solvents with high boiling points and low volatility. 

During dissolution studies or in biological fluids, water will contaet with, and diffuse 

into and aeross the polymeric films or coatings. The permanence of the plasticizer in 

the coating under these "wet" conditions will primarily depend on its solubility in 

water and affinity for the polymer. Water soluble plasticizers could leach from the 

polymeric coating, possibly changing its mechanical and permeability charaeteristics. 

(Bodmeier and Paeratakul, 1992).
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1.3.2.2.2 Antiplasticization effect

The antiplasticization effect at low plasticizer concentration results from an 

interaction between the polymer and the plasticizer molecules, which decreases the 

molecular mobility of the polymer (Guo, 1993). This results in films which present a 

lower water permeability while the opposite is observed with higher plasticizer 

concentrations.

1.3.3 Structural changes of the membrane

The incorporation of HPMC as a channelling agent in EC films (Chetty and Dangor, 

1994) showed an increase in drug release rate if the HPMC level also increased, 

which suggests the formation of pores in the ethylcellulose matrix. These pores 

appear to facilitate diffusion by an increase in water permeability (Nesbitt, 1994), 

thereby facilitating drug release into the dissolution medium.

Significant differences could be seen between EC/HPMC films with low and high 

HPMC fraction. At low HPMC content very little polymer is leached and no pores are 

formed. When the HPMC content increases to 24% it can be leached from the 

polymer film. This results in pore formation, which increases the diffusive release of 

the drug. The formation of these pores does not promote osmotic pumping, since the 

reflectivity of the membrane is reduced (Lindstedt, 1991). However, as pointed out by 

Bodmeier and Paeratakul (1990) the membrane microstructure is also strongly 

dependent on processing and formulation variables such as drying conditions and 

solvent composition. For organicaly based ethylcellulose systems it was noted that the 

formation of porous films can be easily achieved if water is added to the system 

(Narisawa, 1994).
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1.3.4 Coating methods

Although other possible equipment for coating small particles is available (Bianchini 

and Vecchio, 1987; Porter, 1982; Dreher and Lehmann, 1981) the fluidization process 

is extensively used due to its ability to apply virtually any kind of coating system 

(solution, suspension, emulsion, latex and hot melt) to a wide range of particles 

(Jones, 1994). This process shows particular advantages because it allows the free 

movement of the particles and avoidance of sticking.

The solid particles while "fluidized" in a process show many of the physical 

characteristics of a liquid (Friedman and Donbrow, 1978). Also, the aqueous phase 

can easily be dried even at low working temperatures giving an uniform and 

reproducible film (Metha, 1988).

1.3.4.1 Equipment

Among the fluidizing equipment those based in the Wurster process are still the 

preferred and have been improved during recent years (Jones, 1994). Because the 

application of a film to a solid is indeed very complex and also because the uniformity 

of the membrane is required, the processing factors play an important role in the 

production of sustained release preparations (Brossard and Y louses, 1984; Rekhi,

1989). Process variables such as the spray rate, atomising air pressure, inlet air 

temperature, volume of fluidization air, batch size, type of equipment used, nozzle 

height, drying time and moisture effect have been widely studied with regard to their 

influence on the final characteristics of the film (Metha, 1988; Arwidson, 1991).

Other fluidization systems such as "top spray" and "rotor tangential spray" are also 

used but the results between them are not interchangeable. As seen by Bertel sen et al. 

(1994) top spray coating results in a heterogeneous, porous film structure with areas 

of crack and spray-dried spherical particles. Conversely, the film coat obtained by
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bottom spraying seems to be more homogeneous, with fewer cracks and lesser spray 

dried particles being observed. The larger number of dried particles in top spraying 

can be ascribed to a greater number of droplets having lost so much solvent before 

hitting the substrate that the desirable contact with the underlying film layer is not 

achieved. The loss of material out of the equipment is, however, of less importance 

for the release retardation than the change in the membrane porosity caused by poor 

spreading of droplets. Another difference is that, unlike top-spray coating, particles 

and coating liquid travel in almost the same direction in co-current coating. Therefore, 

it is conceivable that the spreading of the film solution is more gentle and thus 

homogeneous. Conversely, countercurrent coating involves a high relative speed of 

the film droplets towards the particles, giving rise to their excessive spreading 

(Bertelsen, 1994).

1.3.5 Core requirements for coating

If the rate of drug release is dependent on film thickness (Wouessidjewe, 1991) and 

quality, then its surface area and integrity are of paramount importance. Because 

coatings are applied on a weight basis, it is advantageous to obtain spherical cores in a 

narrow particle size range, with a dense and strong surface which does not vary in 

bulk density from batch to batch. Surface integrity and porosity have also to be 

considered due to their influence on film deposition and membrane integrity (Jones, 

1994). On the other hand the membrane thickness depends on the pellet size and on 

the coating material. Assuming 10 pim as an average film thickness, Jones (1994) 

calculated the amount of coating substance required to cover particles ranging in size 

from 4 mm diameter (5 mesh) to 0.044 mm (325 mesh). As can be seen in Table 1.2 

as the particle size decreases, the amount of coating material required to achieve the 

same thickness ( 1 0  pim) becomes very high, which can represent large amounts of 

liquid in relation to the uncoated product.
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The release rate can be significantly affected by the particle size fraction, and the 

largest surface area leads to the highest release. This can be explained because during 

part of the release time the release rate (Mt/Mg) is constant and assumed to follow the 

equation 1 .1:
Mt = S a. Pk Equation 1.1

Mo T

where Sa is the surface area, t  the thickness of the coating and the permeability 

constant. This constant release is possible only as long as the solution within the 

coated core is saturated. The release rate from the barrier-coated cores is directly 

proportional to the surface area of the material and Ragnarsson and Johanson (1988) 

have shown that:

- when the particle diameter (d) is reduced to half of its original value, the amount 

of coating solution has to be doubled to obtain the same film thickness and

- when reducing d to half of its original value, four times more coating solution is 

needed to maintain the release rate per gram of coated pellets, due to the 

proportionally between the release rate and the film thickness.

Table 1.2 - Comparison of the amount of coating required to apply a coating of 

0.01 mm thick onto particles of various sizes (adapted from Jones, 1994).

Uncoated Particles Coated particles

US mesh Diameter n® particles/ Surface area/ Coated Coating

(mm) g g (mnf) diam. (mm) added (%)

5 4.00 23 1,157 4.02 1.2

10 2.00 183 2312 2.02 2.4

18 1.00 1,468 4,610 1.02 4.7

35 0.500 11,764 9,235 0.520 9.6

60 0.250 94340 18,490 0.270 20.0

120 0.125 751,880 36,917 0.145 43.3

200 0.074 3,663,000 63,004 0.094 82.3

325 0.044 17,543,860 107,018 0.064 163.5
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Another consequence of the density and particle size is the size of the batch which 

should be previously defined to avoid overload of the coater (fluidization restricted) 

or high stress between particles (empty load). The formula below, proposed by Jones 

(1994) allows the calculation of the best batch size:

bs = Vc . Db Equation 1.2

Where bg is the batch size of coated product in kg, Vc the total product container 

volume in litres and Dy the bulk density of the coated product in g/ml.

As a general rule, 50% of the product container volume should be occupied by the 

uncoated material to allow an adequate fluidization pattern.

1A  In vitro dissolution tests

The study of the release profile of the model drugs is usually done by in vitro 

dissolution tests. Their use is recommended to study the liberation kinetics, as a 

method to predict the conditions that will be realised in vivo (Aiache et al, 1986). 

Also they are usually performed to screen and select formulations for clinical trials or 

to predict the in vivo absorption rates based on correlations between in vitro and in 

vivo results (Murthy et al., 1989). Abu-Khalaf and Soliman (1996) have proposed a 

mathematical approach that allows the determination of the dissolution rate under 

nonsink conditions. By using appropriate statistical methods it is possible to obtain a 

better understanding of the dissolution data (Reynier, et al., 1981), regarding the 

dissolution profile as a distribution function of the residence time of each drug 

substance molecule in the pharmaceutical formulation (Podczeck, 1993).

1.4.1 Dissolution methods

1.4.1.1 Paddle method

The most common system available to study the dissolution profiles of drugs from 

oral dosage forms is the so-called Apparatus II described in the US? Pharmacopoeia
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and followed in several others. In this method, usually working in a close system, the 

dosage form is contiuously agitated by the paddle, which speed is an important 

influencing parameter on the drug release.

1.4.1.2 Flow through cells

Systems based on a continuous flux of the dissolution medium through the dosage 

form are also available. Although it has been considered the most popular dissolution 

method mainly because it allows easier replacement of the dissolution medium 

(Washington, 1990) the reproducibility of the values is not always achieved. As 

reported by Graffner et al. (1996) the release rates were constantly higher by the flow 

through system at all the conditions tested when compared with the paddle method 

and the system appears to give less repeatability. Bosca et al. (1996) found that the 

flow through cell apparatus is more accurate for inert matrix tablets, whereas the USP 

paddle method is advantageous for a hydrophilic and lipophilic matrix.

1.4.2 In vitro/in vivo correlation

One of the essential requirements to establish in vivo correlations is that the in vitro 

dissolution profile should be reasonably independent of the pH gradient used in the 

experiments in order for the normal intraindividual variability in the gastrointestinal 

tract pH to be taken into account. Moreover if the drug is taken with food, the pH in 

the stomach and upper part of the intestine will be similar. Therefore, a formulation 

whose drug release profile shows clear dependency on pH or on the pH gradient only 

by chance can represent a good in vitro/in vivo correlation. Another constraint is that 

the formulation should show at least equivalent profiles when tested in different 

dissolution equipments or with different models, i.e. the shape of the curves should be 

independent of the mode of agitation of the dissolving medium. As pointed out by 

Brockmeier (1986) in an ideal case the profile is independent in absolute terms of any
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pH gradient and mode and extent of agitation by the dissolving medium, i.e., showing 

an environmentally independent release.

Narisawa, et al. (1995) reported that the release of propranolol in vivo (beagle dogs) 

was in accordance with in vitro studies. With respect to drug release from controlled 

release preparations coated with insoluble polymer based-film coating, a good in 

vitro/in vivo correlation was observed irrespective of drug properties. However the 

drug solubility was found to be an important factor that affected its own release in the 

lower site of GI tract of dogs. This characteristic is an important factor that affects the 

in vivo drug release from controlled release preparations.

1.5. Factors influencing the drug release from coated pellets

1.5.1 Influence of the core formulation

Independently of the film coating applied, the core itself has its own properties which 

can influence the rate and profile of drug release. First of all the size distribution can 

depend on the formulation (Baert et al 1992) with implications on the film thickness. 

The water soluble drugs can migrate into the film coat making it discontinuous and 

permeable during dissolution (Nesbitt, 1994). In general, water soluble drug pellets 

require a high level of coating to produce sustained release profiles, because the drug 

can dissolve during aqueous film deposition and migrate further into the film coat. As 

the amount of the drug embedded in the film coating increases, the coating becomes 

less continuous and more permeable during dissolution. Consequently a thicker 

coating is required to achieve the desired drug release rate (Sheen, 1992). On the other 

hand, insoluble fillers could swell and cause perforation in the coating increasing its 

permeability (Laakso and Aaiinen, 1985). Also the water content present on the 

extrudate can result in significant differences in the hardness and dissolution rates of 

the resultant particles (Nesbit, 1994).
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1.5.2. Influence of the film coat thickness

The measure of the film thickness is usually done based on the total amount of solids 

deposited onto the surface of the pellets. However this methodology requires a 

knowledge of the surface area of the tablet or the granule that is not always measured. 

A new approach (Rowe, 1996) is based on the assumption that the increase in volume 

of the core when coated is a result of a uniform thickness of coating evenly spread 

over its surface. Hence the calculation of a dry volume increase of a film coating per 

unit area of a tablet surface will be equivalent to an average film thickness. 

Calculating the surface areas, the volume of the dry film coating applied is easily 

calculated from the proportions of the various ingredients (polymers, plasticizers, etc.) 

and their densities. Is easy to observe that if the density of a film coating formulation 

is significantly greater than unity (especially in cases when a pigment is incorporated) 

that the rule previously established will over-estimate the film thickness.

1.6. Mechanisms of drug release

Different mechanisms of drug release from solid dosage forms have been proposed in 

the literature. However in the majority of cases, mainly due to different factors 

interacting together the dissolution profiles obtained can not only be ascribed to one 

of them. Hence, interacting factors, such as drugs and filler characteristics, core 

composition and coating membrane give drug release profiles that can follow different 

mechanisms that often are not fully understood.

As reported by Lu and Chen (1995) the release pattern of a drug from a coated 

particle depends on the drug, the pellet formulation and the coating characteristics. 

Different approaches have been made in order to clarify the drug release profile or the 

fraction of drug released from the dispersed system as a function of time. According
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to Washington (1990) this release can be driven by a number of processes, of which 

the following appear as the most important:

Firstly the drug may diffuse out of the carrier by diffusion which can be negligibly 

slow for macroscopic delivery systems but rapid for submicron carriers in a process 

ruled by the diffusion coefficient of the drug. This process will be continuous until the 

partion equilibrium is re-established and as far as a concentration gradient exists 

between the two sides of the membrane. The equation below relates the factors 

involved in the dissolution rate dw/dt at the time t:

dw/dt= Dc Sa(Cs-Ct) Equation 1.3 

hô

From this equation it can be seen that the release rate is also a function of the surface 

area (Sa) available to contact the dissolution medium, the concentration gradient (Cs- 

Ct) and the diffusional transport (Dc/hô) which relates the diffusion coefficient (DJ 

with the distance (hô) through which the diffusion is the principal mechanism of drug 

release.

If the degree of dilution is large, i.e., if sink conditions exist, the drug will leave the 

carrier completely and accumulate in the continuous phase. The concentration 

gradient is the relationship between the concentration in the dosage form (Cs) and the 

existing concentration of dissolved drug in the bulk of the dissolution media (Ct). 

Strict sink conditions mean that the term Ct is zero, being satisfactory in practice if 

around 10% or less compared with Cs (Bisrat and Nystrom, 1988). In this ideal 

situation the kinetic of release is then determined only by the drug-carrier interaction 

and is not influenced by the concentration of the drug in the medium. If the release 

rate is constant, the dissolution follows a first order kinetic model.

A second mechanism considers that the solvent may penetrate the particle and 

dissolve the drug which then diffuses out in solution, once again if sink conditions 

exist. This process is often referred to as case II, non-Fickian or anomalous diffusion, 

and can lead to release with near zero-order kinetics.
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Finally the carrier may be degraded or dissolved by its surroundings which is directly 

related to the physical characteristics of the different components present in the 

dosage form.

If the coating membrane is formed with both soluble and insoluble polymers, Rowe 

(1986) has pointed out three possible mechanisms for the drug release:

- transport of the drug through a network of capillarities filled with dissolution 

medium which is only applicable if the soluble component is leached out of 

the matrix;

- transport of the drug through a hydrated swollen film which is applicable if 

the soluble component is retained within the matrix;

- transport of the drug through cracks and imperfections within the matrix.

The origins of this cracks can be explained by the presence of internal residual 

stresses within the film coating. These are created by the shrinkage of the film during 

the evaporation of the solvent and by differences in the thermal expansions of the 

coating and substracts. If these stresses exceed the cohesive strength of the film, 

cracking will occur and film integrity will be lost It means that in this mechanism, the 

liberation of the drug will depend on the mechanical properties of the polymer and its 

molecular weight, these two factors being interrelated. Control of such however 

cannot be guaranteed to control drug release.

An approach to these mechanisms was given by Ozturk et al. (1990) considering that 

the transport of drugs through the pores can range from pure molecular diffusion to 

convection, which depends on the pore size.

1.6.1 Solution/diffusion through continuous plasticized polymer phase

This mechanism assumes the polymer as a continuous phase in which the plasticizer 

and other additives are dispersed homogeneously. The film contains some molecular
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size holes through which the drug molecules diffuse in a process known as hindered 

molecular diffusion. It is usually related to ethylcellulose films prepared from organic 

solvents and may also be applicable for dosage forms coated with a pseudolatex 

formulation when the plasticizer content is low and the film is complete.

The release rate for this model can be described by

Mt/Mp = Pm (Cs - Ct) Equation 1.4

X

where Mt/Mp is the release rate per unit surface area of film Cg and Ct are the 

concentration of drug at the drug-film interface and the bulk, respectively, and x is the 

thickness of the film. The permeability coefficient f*m is given by:

Pm Cdis Equation 1.5

<t>P

where D is the diffusion coefficient of the drug, Cjis is the coefficient distribution of 

the drug between the polymer membrane and the dissolution medium, xtt is the volume 

fractional of the openings, p is a chain immobilisation factor reflecting the degree of 

cross-linking of crystallites in the polymer, and <j) is the tortuosity factor (Ozturk et al.,

1990).

1.6.2 Solution/diffusion through plasticizer channels

When the amount of plasticizer is high and not uniformly distributed in the film, it is 

possible that the formation of plasticizer channels occurs (Guo, 1994a). If the
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solubility of the drug in the plasticizer is higher than that in water, it is possible that 

the drug could be released through such pathways.

The release rate for this model can be described by an equation similar to the above, 

but with the permeability coefficient, Ppl represented as

Ppl = Dpi mpl Cdispl Equation 1.6 

<l>pl

In which, C^ispl is the coefficient distribution of the drug between plasticizer and 

water. Dpi the diffusion of the drug through the plasticizer channels, <|)pl is the 

tortuosity of the plasticizer channels and mpl is the volume fraction of plasticizer 

channels.

1.6.3 Diffusion through aqueous pores or cracks

In this mechanism, the permeability coefficient, Pp is given by:

Pp = Dptjp Equation 1.7

<I>P

where Cjis is unity, as there is no partition between the channels and the aqueous 

environment in the bulk, urp is the volume fraction of the aqueous channel and <|)p is 

the tortuosity of the aqueous channels.

Assuming that this mechanism usually occurs accompanied by diffusion through 

aqueous channels, the resulting permeability Pa, considering both mechanisms acting 

separately is given by:

Pa=  Pm + Pp = Dct + Cdis + Dpmp Equation 1.8

<I>P <t>P
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where Pm and Pp are the permeability in the polymer and the aqueous phases 

respectively.

However these pores can close irreversibly after a lag time, as the result of the 

subsequent fusion if release takes place above the minimum film-forming 

temperature. Thereafter the release rate is just as slow as it is without the HPMC 

additive which means that the drug is released practically exclusively via the 

distribution-diffusion mechanism (Gunder, 1995).

1.6.4 Osmotically driven release

When there is sufficient osmotic pressure generated by the core material from both the 

drug itself and excipients, another mechanism of drug release can occur (Lindstedt, 

1989).

The release rate for this mechanism can be described as (Ozturk et al., 1990):

Mt/Mo = aAH (Ci - Cb) = k o  AH (Cs - Ct) Equation 1.9

where a  is the osmotic driving force parameter ( k  is the filtration coefficient, o  the 

reflection coefficient), AIT is the osmotic pressure difference across the coating, and 

Cs and Ct are the core and bulk concentrations, respectively.

If the membrane coat is made more permeable to the drug, drug diffusion and osmotic 

pumping may both contribute to the drug release.

Another approach to the drug release mechanism through coated pellets taking into 

account the shape of the core during the dissolution process was proposed by 

O'Connor and Schwartz (1993). It assumes that the pellets are behaving as an inert 

matrix. Specifically the pellets do not visibly change their geometry when in contact 

with the dissolution medium, nor does any detectable disintegration occur during
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prolonged exposure. In this case the release mechanism can be studied according to 

the square root of time relationship, assuming that the drug release occurs through the 

intragranular spaces or pores. This relationship predicts a linear dependence between 

the amount of drug release per unit area and the square root of time:

Q = Dc E (2Cd - eCsat) Csad Equation 1.10

" Y  <l>

De/t (2Cd - eCsat) Cgatt Equation 1.11

or

Q  = Kmad Equation 1 .1 2

where Q is the amount of drug release per unit surface area of the matrix (mg/cm^), 

Dc is the diffusion coefficient (cm^/min), e is the porosity factor, (j) is the tortuosity 

factor, Cd is the concentration of the drug in the matrix (mg/cm^), Csat is a 

concentration of a saturated solution of drug or solubility (mg/cm^), t is the time 

(min.), and Kmat is the proportionality constant or slope.

For specific cases where the drug is the only soluble component in the matrix and the 

volume fraction of drug is large relatively to the initial porosity, the equation above 

can be written:

Q — DcKmat “ ^^mat^sat) ^sat^ Equation 1.13

Cd -y

which predicts for these particular systems that the fraction of drug released is 

independent of the amount of drug in the matrix. Assuming that

Q 1 = Q (Sa) Equation 1.145
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where Qj is the amount of drug released (mg) and Sa is the surface area available for 

drug release (cm^) and if a constant surface area term is incorporated in the 

proportionality constant on the above equation :

Qi= K2Sat^^2 = K21^^2 Equation 1.15

where K2 and K i are the slopes of the square root of time relationship with respect to 

Q and Q% respectively. This equation can then be written as

log Qi= 1/2 logt + logKi Equation 1.16

which as been documented to be the definitive test to differentiate between square 

root of time release and first order release. This equation predicts that the slope of a 

plot of logQ' versus logt should equal one-half for an inert matrix system. This form 

of equation has been used only to discriminate between a first-order drug release 

mechanism and a square root of time or inert matrix release mechanism.

It has been shown that knowing the tortuosity it is possible to predict drug release 

from porous cellulose beads and, without any direct drug release experiments, 

conclude whether the drug is sufficiently sustained by the cellulose matrix itself or if a 

film coating might be necessary (Ek et al., 1995).

However if the pellet shape is susceptible to change due to its shrinking or swelling 

properties (Kleinebbude, 1994a), the mechanism of drug release is found not to be 

easy. The suggestion of a "skeleton" type of pellets which shows a higher dissolution 

rate when compared to "shrinking" pellets can be attributed to different initial 

porosities but this parameter cannot be the only explanation for this phenomenon 

(Kleinebbude, 1994b).
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Whatever the mechanism involved, the ideal release situation is claimed to follow a 

zero-order kinetics (Laakso and Paulamaki, 1984) which means that the drug 

liberation is independent of the concentration present either in the dosage form or in 

the surrounding medium. The drug release obeys a zero-order kinetics as long as a 

saturated solution can be formed within the coated granules. However, as pointed out 

by Bianchini and Vecchio (1987) zero-order releases are not necessarily better than 

first order as for many drugs an initial release is required to be greater than subsequent 

maintenance release. Nevertheless this kinetic pattern indicates that the drug release is 

apparently independent of the coating type and is controlled by the rate of drug 

diffusion through the membrane pore network.

1.7. Models of drug release

1.7.1 Kinetics of drug release

The analysis of the dissolution release profiles of drugs and their release rate from 

controlled release solid oral dosage forms have been undertaken in comparison to the 

practical results with well known model kinetic functions. These include the zero- 

order release which assumes that the release is independent of its concentration and is 

governed by the equation:

Mt/Mo = Ko-t Equation 1.17

where Mt is the amount of drug released at time t. Mo is the final amount of drug 

released and Kq the zero order drug release constant. Conversely, when the release is 

dependent on the concentration, a first order model applies and the fractional release 

is related to K% which represents the first order drug release constant according to the 

equation:

Mt/Mo = 1 - e "^1'^ Equation 1.18

73



Chapter 1- Introduction

The Higuchi square root is applicable to dispersed drugs in an insoluble matrix where 

the release rate is related to the constant of drug release K2 . This diffusion of the drug 

from a matrix system into sink conditions is governed by:

Mt/Mo = K2 .tl^2 Equation 1.19

When the release shows a dissolution rate limitation, the Hixson-Crowell equation is 

usually applicable in a process usually known as cube root law. The constant of drug 

release K3 can be calculated using the equation:

Mt/Mo = 1 (1 - Kg.t)^ Equation 1.20

More generally, the Korsemeyer equation (Korsemeyer et al., 1983) represented as:

Mt/Mo = K.t“ Equation 1.21

introduced the exponent n which gives information about the mechanism of release 

and allows the determination of the release rate (K) when none of the other models 

applied. However the above cases represent only ideal situations that often do not fit 

the practical results. Moreover they usually consider only part of the dissolution data 

and not the whole curve. Such an approach can be limited for instances when a burst 

effect is registered or when size alterations of the dosage form occurs. Actually these 

models were initially applied assuming a plane surface of the dosage form. The 

transposition for devices such as pellets has to be considered by taking into account 

that these forms might be subjected to shrinking and swelling phenomena as well as 

erosion due the partial solubilization of drugs and/or fillers.
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1.7.2 Model independent parameters

The introduction of statistical moments in the characterization of the dissolution 

profiles (Brockmeier, 1983a,b) has been since then widely used in an effort to 

correlate in vitro and in vivo data.

One important approach is modelling the dissolution release profile of a drug. 

According to Voegele et al. (1988) the first step in carrying this out is the calculation 

of the mean and variance of dissolution times. Considering the cumulative distribution 

function F (t) which is the statistical representation of the fraction of drug release in 

the time t, and the probability density functions f (t) which are convertible by 

integration:

dP (t) / dt = f(t) and/f(t) dt = /  dP (t) = P (t) Equation 1.22

various different moments can be calculated during the residence time of the drug in 

the dosage form up to the various stages of release:

t t
m% = /  . f(t) . d(t) = /  . dP (t) Equation 1.23

being the limits of integration zero and infinity (or the final time).

If Z equals unity, the mean of dissolution time (MDT) is achieved, representing the 

first moment.

t
mj = /  t . f ( t) . dt Equation 1.24

Again, when Z is equal to 2:

t
m2 = /  t^ . f ( t ) . dt Equation 1.25 

0

the second moment is generated.
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Voegele et al (1988) defined the variance of dissolution times as the difference 

between the second common moment and the squared mean:

m2 - MDT^ = VDT Equation 1.26

It follows the calculation of the relative dispersion of dissolution times (RDC)

RDC = VDT I MDT2 Equation 1.27

This value is used as a measure of the width of a distribution and serves as a 

discriminator in the specification of which model function best fits the data obtained.

With these values, simple equations (Table 4.1) can be drawn to define the rate

constants of the most common models: zero order, first order, square root and cube 

route release, which only require the mean dissolution time to define these 

standardised dissolution profiles (Voegele et al., 1988).

Table 1.3 - Relation between the model release kinetics, the equations proposed 

to calculate the constant release (K) based on the mean dissolution time (MDT) 

and the relative dispersion coefficient (RDC), according to Voegele et al. (1988)

Dissolution model Equations RDC

Zero-order Ko = 1/(2.MDT) 0.333

First order Ki = 1 / MDT 1 .0

Square root K2=1/(3.MDT)1^^ 0 .8

Cube root K3 = 1 / (4.MDT) 0 .6

Ko - zero order drug release constant; - first order drug release constant; K2- sqaure root or 

Higuchi's drug release constant; K3- cube root order or Hixson-Crowell drug release constant; RDC - 

relative dispersion coefficient.
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1.8. Aim of the present work

The extrusion/spheronization process is widely used in the production of sustained 

release pellets. Various works have been published studying the interaction between 

different factors and parameters related with this process. Among them it has been 

seen that different formulations are responsible for obtaining pellets with different 

physical characteristics. Also, the type, concentration and treatment of the coating 

materials are often associated with different release profiles.

This study was designed according to a factorial design where the different materials, 

fillers and drugs, were chosen according to their solubility. In the second part of the 

work, the study was centred on the influence of the coating materials namely type, 

concentration and experimental conditions.

In vitro release profiles of the model drugs will be characterised by statistical 

moments. Drug release models will be proposed by estimation of the mean and 

variance dissolution times, calculation of relative dispersion coefficient and specific 

models suggested.
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CHAPTER 2

MATERIALS AND METHODS
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2.1. Materials 

2.1.1 Drugs

The drugs used in this study were chosen in a solubility range and a brief description 

of their properties is taken from Clarke' s (1986), Martindale (1990) and British 

Pharmacopoeia (1993).

2.1.1.1 Ibuprofen, BP

Ibuprofen (2-4-isobutylphenyl)propionic acid;) appears as a white powder with a 

melting point of 75-78°C and pKa = 4.4; 5.2, and has a molecular weight of 206.3

(^13^ 1802).

Solubility: practically insoluble in water (< 0.0025 g/1) The solubility in water 

increases rapidly at pH values higher than the pKa being 1:1900 at pH 6.0 and 1:410 

at pH 7.0 (Pharmaceutical Codex, 1994). Soluble 1 in 1.5 of ethanol, 1 in 1 of 

chloroform, and 1 in 2 of ether.

This drug is a non-steroidal anti-inflammatory agent used in painful and inflammatory 

conditions. It is usually given 3 to 4 times daily.

2.1.1.2 Paracetamol, BP

Paracetamol or acetaminophen (N-(4-hidroxyphenyl)acetamid) appears as white 

crystals or powder with a m.p. of 168-172®, pKa of 9.5 and has a m.w. of 151.2 

(C8H9NO2).

Solubility: 1 in 70 of water; 1 in 10 of ethanol and 1 in 13 of acetone; very slightly 

soluble in chloroform and practically insoluble in ether.

Paracetamol is used in the symptomatic management of pains and fever.
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2.1.1.3 Propranolol hydrochloride, BP

Propranolol hydrochloride is the l-isopropilamino-3-(l-naphthyloxy)propan-2-ol 

(C26H21NO2 .HCI) has a m.w. of 295.8 and a pKa of 9.5. Appears as a white powder 

with a m.p. of 94-96°C.

Solubility: 1 in 20 of water and ethanol; slightly soluble in chloroform and practically 

insoluble in ether.

Propranolol hydrochloride is an effective p-adrenergic blocking agent. Is also used in 

the management of hypertension and it has been found to be useful in treating the 

hyperthyroid conditions.

2.1.1.4 Ephedrine hydrochloride, BP

Ephedrine hydrochloride is the (IR, 2S)-2-methylamino-1 -phenylpropan-1 -ol hemi- 

hydrate hydrochloride (C^oH^^NO.HCl) appears as a white or colourless crystals with 

a m.p. of 217-220°C and has a m.w. of 428.5.

Solubility: soluble 1 in 3 to 1 in 4 of water and 1 in 14 to 1 in 17 of ethanol; very 

slightly soluble in chloroform and practically insoluble in ether.

Is used as a directly and indirectly acting sympathomimetic agent with additional 

stimulation of the central nervous system.

2.1.1.5 Sodium salycilate, BP

Sodium salycilate or sodium 2-hydroxybenzoate (C^yH^NaOg  ̂with a m.w. of 160.1, 

appears as colourless crystals or white powder.

Solubility: soluble 1 in 1 of water and 1 in 11 of ethanol; practically insoluble in 

chloroform and ether.

As some other salycilates this compound is mostly used as an analgesic.
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2.1.2 Fillers/Binders

2.1.2.1 Microcrystalline cellulose

Microcrystalline cellulose (MCC) is obtained by hydrolysis of a-cellulose with dilute 

mineral acid solutions. Following hydrolysis, the hydrocellulose is purified by 

filtration and the aqueous slurry is spray dried to form dry, porous particles of a broad 

size distribution. The end product appears as a white odourless, tasteless crystalline 

powder composed of porous particles (Handbook of pharmaceutical excipients). 

Different grades are available sharing some typical characteristics such as the 

solubility (insoluble in water, dilute acids and most organic solvents and slightly 

soluble in sodium hydroxide solutions), melting range (between 260 and 270®C), an 

average bulk density of 0.28 g/cm^ and a refractive index of 1.55. However, the 

characteristics of the same grade of MCC from different sources cannot be 

interchanged, which means that for each extrusion process conditions must be set 

(Newton et al. 1992).

Avicel PH 101 is one of the preferred grades which has an average particle size of 50 

pim and a specific surface area of 11.2 m^/g. The empirical formula is (C^H2oO^)n, 

with n = 220 and a m.w. of almost 36,000.

The utilisation of MCC as a pharmaceutical excipient is well documented.

In the extrusion/spheronization process the microcrystalline cellulose has been 

considered to be an important component presented in a large number of formulations 

of pellets. Due to its properties (retention of water, swelling) it was classified as a 

molecular sponge and as a pelletizing enhancer or spheronizing aid (Goskonda, 

1994). Since no incompatibilities (pharmacological or pharmaceutical) were found, its 

use in this process is of fundamental importance to the formulations and its function 

appears closely related to how water is held within the powder mass, and how the 

mechanical processing influences the mobility of water (Fielden et al, 1988).
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2.1.2.2 Glucose

Glucose or Dextrose anhydrous is the D-(+)-glucopyranose, (C5H 12O5) and appears 

as colourless or cream-coloured crystals or granular powder, odourless and sweet with 

a m.w. of 180.16.

Solubility: freely soluble in water (1 g in about 1 ml). Very soluble in boiling water. 

Sparingly soluble in boiling alcohol; soluble in glycerine; slightly soluble in alcohol. 

Insoluble in ether, acetone and chloroform.

Tonicity: a 5.5% solution in water is osmotic with serum.

Is used as a sweetening agent and as a direct compression diluent.

2.1.2.3 Mannitol

Mannitol (1,2,3,4,5,6-hezanehexol) (C^H 1 4 0 ^) has a m.w. of 182.17 and occurs as a 

white, odourless, crystalline powder.

Solubility (g/100 ml at 25°C): soluble in water (16.7); ethanol (1.3); propanol (1.0) 

and glycerol (5.6)

It is used as a tonicity and sweetening agent and as a filler in tablets.

2.1.2.4 Lactose

Lactose or milk sugar is the 0-p-D-galactopyranosyl-(l-4)-a-D-glucopyranose 

(C12H22O 11), grade anhydrous, has a m.w. of 342.3 and appears as white to cream- 

white crystalline particles or powder, odourless and sweet-tasting.

Solubility: 1 g in 5 ml of water.

Its use as a pharmaceutical excipient is widely reported as a diluent, bulking agent 

and filler.
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2.1.2.5 Calcium phosphate

Calcium phosphate or precipitated calcium phosphate, Cag(PO^)2 , has a m.w, of

310.2, and appears as a white, odourless, tasteless powder, stable in the air.

Solubility: very slightly soluble in water (less than lg/1); soluble in dilute mineral 

acids; practically insoluble in acetic acid and alcohol.

It is used in pharmaceutical formulations as a filler in tablet manufacture.

2.1.2.6 Barium sulphate

Barium sulphate (BaSO^) has a m.w. of 233.39. It appears as a fine, heavy, white and 

odourless powder.

Solubility: practically insoluble in water (0.0025 g/1), dilute acids and alkalis. Soluble 

in hot concentrated sulphuric acid.

Used in tabletting and pellet production when high density is required.

The source and the batch identification of the materials used in the process of 

extrusion/spheronization are summarised on Table 2.1 while the materials used in the 

coating process are listed in the Table 2.2
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Table 2.1 Materials used in the extrusion/spheronization process

Materials Batch n° Source

Ibuprofen PRl 80327 Boots Pharmaceutical, UK

Paracetamol Lot 9413425 Rhone Poulenc, Roussillon, France

PropranoloI.HCl PRP 193 Lusochimica, Milano, Italy

Ephedrine.HCl 900325 S&D Chemicals Ltd. Harrow, UK

Sodium salycilate 242 F608202 Merck, Darmstadt. Germany

Avicel PHlOl Lot 6521 FMC, Cork, Ireland

Glucose anhydrous K195 67794 BDH Lab Supplies, Poole, UK

Mannitol (D-) PRP 193 BDH Lab Supplies, Poole, UK

Lactose hydrous ONA 22-37 Sheffield Products, Norwich, USA

Calcium phosphate Batch 618992 Fisons Sci. Equip., Loughborough, UK

Barium sulphate 207K16264486 BDH Lab Supphes, Poole, UK

Table 2.2 Materials used in the coating process

Materials Batch n® Source

Polyglycol 3,000 Batch 613600 Hoechst, Frankfurt, Germany

Polyglycol 35,000 Batch 618992 Hoechst, Frankfurt, Germany

Surelease-E-7-7050 white Batch 600117 Colorcon Ltd , Orpington, UK

Surelease E 19010 white Batch 306001 Colorcon L td., Orpington, UK

Surelease XEA 7100 Batch 306001 Colorcon L td., Orpington, UK

Aquacoat ECD-30 LotJ9411 FMC Co., Newark, USA

Sebacic acid dibutyil ester 40H0279 Sigma Chemicals, Co. St. Louis, USA

Eudragit NE 30D 1250212012 Rohm Pharm Polymers, Darmstadt Germany
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2.1.3 Coating materials

2.1.3.1 Polymers

2.1.3.1.1 Ethylcellulose

Ethylcellulose is a water insoluble polymer and is commonly used as a coating 

material to control drug release. Its application is well documented in the literature 

(Brossard, 1982; Rekhi and Jambhekar, 1995). This product is probably the most 

widely used water insoluble polymer in pharmaceutical film coating due to its good 

film formation, excellent physicochemical stability and minimum toxicity (Narisawa, 

1993).

2.1.3.1.1.1 Aqueous dispersions of ethylcellulose

2.1.3.11.1.1 Surelease

Surelease is a completely plasticized aqueous ethylcellulose dispersion in 

ammoniated water and is prepared by phase inversion. The product appears as an off- 

white opaque liquid dispersion in which dibutylsebacate and oleic acid are 

incorporated within the dispersion polymeric system during the manufacturing 

process. Ammoniated water is used to help stabilise the dispersed polymer. In 

addition, the dispersion contains fumed silica, which acts as an anti adherent and 

facilitates the application of Surelease during the coating process (Selassie, 1988). 

Surelease has a solids content of 25%, 70% of which is ethylcellulose, with a nominal 

particle size of 0.2 microns (Surelease Technical Data, 1990).

2.1.3.1.1.1.2 Aquacoat ECD-30

Aquacoat is a pseudolatex of ethylcellulose in water and is prepared using the 

emulsion-solvent evaporation (Selassie, 1988) by the Vanderhoff process. This film 

former agent contains ethylcellulose (87%), cetyl alcohol (9%), sodium lauryl
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sulphate (4%) and Antifoam A (traces) and has 48 to 49.5% ethoxy substitution 

(Aquacoat Technical data). Cetyl alcohol is added to stabilise the suspension. The 

average molecular weight is 100,000, the glass transition (Tg) is 129®C and the 

melting point 200°C.

2.1.3.1.2 Methacrylate polymers

This group of acrylic resins for pharmaceutical purposes is available in several 

structural modifications with carboxylic, amino or hydrophilic groups. These are 

responsible for the specific solubility of coatings or polymer matrix structures under 

distinct pH conditions in the digestive tract. They can also be used when permeable 

membranes for controlled release by diffusion are required (Lehmann, 1984).

2.1.3.1.21. Eudragit NE30D

Eudragit NE 30D is a true latex prepared from liquid monomers using the emulsion 

polymerisation technique. It is presented as a colloidal dispersion composed of 

spherical, solid or semisolid particles that typically are smaller than 1 jAva in diameter 

(Selassie, 1988). It contains between 28.5 to 31.5% of the polymer polyethyl- 

methylmethacrylate (PEMMA) with the ethyhmethyl content stated at 70:30. The 

average molecular weight is stated to be 800,000.

This polymer is widely used for sustained release preparations and shows a pH 

independent solubility. It has high resistance to environmental effects such as light, 

air and water, and is inert towards the digestive secretions and pH as well as towards 

microbial attack. Consequently, predictable and reproducible drug release 

characteristics may be consistently achieved (Sellasie et al., 1986).
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2.1.3.2 Plasticizers

2.1.3.2.1 Polyethylene Glycol 3,000

The use of different polyethylenoglycol (PEGs) grades as plasticizer in film coating 

formulations has been reported (H ein^aki, 1994; Lim and Wan, 1994). PEG 3,000 

appears as white or off-white in colour with faint odour or odourless. The average 

m.w. is 2,700 to 3,300 and its structural formula is H0 CH2 (CH2 0 CH2)nCH2 0 H with 

n = 60 to 75.

2.1.3.2.2 Polyethylene Glycol 35,000

PEG 35,000 appears as white or off-white in colour with faint odour or odourless. 

The average m.w. is 30,620 to 39,400 and has a structural formula identical to PEG 

3,000, but with the n = 696 to 895. Is soluble in water, methanol, ethanol, acetone and 

methylene chloride. Is insoluble in paraffin and fixed oils.

2.1.3.2.3 Dibutylsebacate

This product is the sebacic acid dibutyl ester which appears as a viscous yellow liquid 

with a m.w. of 314.5 (CI8 2 H34O4).

Its utilisation in the plasticization of ethylcellulose for film coating process is well 

documented (Saettone et al., 1995) and it is even considered the best plasticizer for 

that polymer (Hyppola, 1996).

2.1.3.2.4 Fractionated coconut oil

This product consists of a mixture of triglycerides containing only short and medium 

chain saturated fatty acids, mainly octanoic and decanoic acids. It appears as a clear, 

pale yellow liquid, odourless with a low viscosity and has a weight per ml between
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0.940 to 0.950 g. Practically insoluble in water; miscible with chloroform, ethanol 

and ether.

2.1.4. Characterization of the starting materials

2.1.4.1 Particle size analysis

Particle size measurements were made by laser diffraction method (Malvern Laser 

Sizer 2600c. Malvern Ldt. UK) by dispersing the materials in suitable solvents in 

which they were insoluble always using a saturated solution. The instrument 

measures the diffraction of laser light by the particles and converts this into a volume 

size distribution. The values of the median diameter and the centiles 90 and 10 are 

shown on Table 2.3.

2.1.4.2. Density

The true density of all the materials used in the formulations of the experimental 

design was determined using an air comparison pycnometer (model 930, Beckman 

Instruments Inc., USA). The results shown on Table 2.3. are the mean of 3 replicates.

2.14.3. DSC

All the materials used in the production of the uncoated pellets were analysed for their 

thermal characteristics.

Figure 2.1a shows the thermograms of the drugs used in this study, while Figure 2.1b 

shows the thermograms of the fillers.

Samples of Propranolol hydrochloride were obtained after recrystallization from 

water, ethanol, methanol and propanol. The thermograms are shown on Figure 2.1c.
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Table 2.3 Values of density (g/cm^) and median diameter and distribution at 10 
and 90 centiles (jim) of the starting materials (n=3)

Materials median diameter (jim) density (g/cnP)
Mean 10% < 90%>

Ibuprofen** 400.57 249.25 528.38 1.12

ParacetamoP 87.99 63.77 111.85 130

PropranoloI.HCl^ 80.64 33.78 110.17 1.22

Ephedrine** 20.80 6.85 55.33 1.20

Sodium salycilate^ 88.73 11.67 219.56 1.57

Avicel PH101» 51.47 18.80 100.20 1.56

Glucose anhydrous® 137.92 63.35 203.97 1.52

Mannitol (D-)® 20.09 6.86 42.85 1.21

Lactose hydrous^ 33.20 5.85 74.17 1.55

Calcium phosphate^ 8.06 3.19 13.60 3.20

Barium sulphate® 8.74 4.83 12.71 4.36
^Determined using water as the suspension medium and ^alter sonification; ^ethanol; *^chloroform 

2.2 Methods

This study was based on a factorial design as shown in Table 2.4. The different drugs, 

D (D1 = Ibuprofen; D2 = Paracetamol; D3 = Propranolol hydrochloride; D4 = 

Ephedrine hydrochloride and D5 = Sodium Salycilate) were combined with the 

fillers, F (FI = Glucose; F2 = Mannitol; F3 = Lactose; F4 = Calcium phosphate and 

F5 = Barium sulphate) in different proportions. Microcrystalline cellulose (Avicel PH 

101) was used at a constant proportion of 50% (w/w) in relation to the other 

components.

The coating variables were the type of coating polymer, C (Cl = Surelease E 7-7050; 

C2 = Aquacoat ECD 30; C3 = Eudragit NE 30D), the concentration and related 

thickness, T (T1 = 2.5% weight gain; T2 = 5.0 % weight gain and T3 = 10.0% weight 

gain), the type of plasticizer, P (PI = dibutylsebacate; P2 = fractionated coconut oil; 

P3 = PEG 3,000 or 35,000), the level of plasticizer, L (LI = 20% DBS; L2 = 5%) 

extra DBS; L3 = 10% extra DBS).

The centre of gravity is designated in bold characters.
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Prep. Drug Filler MCC Coat Plasticizer

N° Type Level Type Level Level Type Level Type Level

1 D3 2 0 F3 30 50 C2 T l P2 L3
2 D3 2 0 F3 30 50 C2 T2 P2 L3

3 D3 2 0 F3 30 50 C l T2 P2 L2

4 D3 2 0 F3 30 50 Cl T2 PI L2
5 D3 2 0 F3 30 50 Cl T2 P2 L3
6 D3 2 0 F3 30 50 Cl T2 P2 LI

7 D3 2 0 F3 30 50 C3 T2 P2 L2

8 D3 2 0 F3 30 50 C2 T2 P2 L2
9 D3 2 0 F3 30 50 Cl T3 P2 L2

10 D3 2 0 F3 30 50 Cl Tl P2 L2
11 Dl 2 0 F3 30 50 Cl T2 P2 L2

12 0 2 2 0 F3 30 50 Cl T2 P2 L2

13* D3 20 F3 30 50 C l T2 P2 L2
14 04 2 0 F3 30 50 Cl T2 P2 L2

15 05 2 0 F3 30 50 Cl T2 P2 L2

16 03 5 F3 45 50 Cl T2 P2 L2

17 03 1 0 F3 40 50 Cl T2 P2 L2

18 03 30 F3 2 0 50 Cl T2 P2 L2

19 03 40 F3 1 0 50 Cl T2 P2 L2

2 0 03 2 0 FI 30 50 C l T2 P2 L2

2 1 03 2 0 F2 30 50 Cl T2 P2 L2

2 2 03 2 0 F4 30 50 Cl T2 P2 L2

23 03 2 0 F5 30 50 C l T2 P2 L2

24 03 5 FI 45 50 C l T2 P2 L2

25 03 5 F2 45 50 Cl T2 P2 L2

26 03 5 F4 45 50 Cl T2 P2 L2

27 03 5 F5 45 50 Cl T2 P2 L2

28 03 50 F3 0 50 Cl T2 P2 L2
KEY *Centre of design; D l: ibuprofen; D2: paracetamol D3; propranolol hydrochloride; D4 

ephedrine hydrochloride; D5: sodium salycilate; FI: glucose; F2: mannitol; F3: lactose; F4: calcium 
phosphate; F5: barium sulphate; Cl: Surelease E-7-7050; C2: Aquacoat; C2*: Aquacoat not cured C3 
Eudragit ME 30D; Tl: 2.5% weight gain; T2: 5.0% weight gain; T3: 10% weight gain; P2 
dibutylsebacate; P2: fractionated coconut oil; P3: PEG 3,000; LI: 20% DBS; L2: 5% extra DBS: L3 
10% extra DBS.

90



Chanter 2- Materials and Methods 

Figure 2.1a DSC curves of: a) paracetamol; b) ibuprofen; c) sodium salycilate

Figure 2.1b DSC curves of propranolol.HCl after recrystallization in different 

solvents
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Figure 2.1c DSC curves of: 1) barium sulphate; 2) calcium phosphate; 3) 

mannitol; 4) glucose.

1 - barium sulphate

2 - calcium phosphate

3 - mannitol

4 - glucose

Figure 2. Id DSC curve of lactose
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2.2.1 Extrusion/spheronization process

The pellets were produced according to the following process.

2.2.1.1 Dry mixing

Dry powders were weighed (electronic balance, Mettler PC 1616, Mettler Instruments 

AG, Greifensee, Zurich, Switzerland) and mixed in a planetary mixer (Chef KN 201, 

Kenwood, Woking, UK) for 10 minutes.

2.2.1.2 Wet mass

The water required for each mix was added, and allowed to mix for a further 10 

minutes at a fixed speed of 3 in the same equipment as used for the dry mixture.

2.2.1.3 Extrusion

For all the preparations the wet mass was extruded through a lmm/4mm 

(diameter/length) die, using a ram extruder fitted to a physical testing instrument 

(Lloyd MX 50, Lloyds Instruments, Southampton, UK) fitted with a 50 kN load cell, 

at a constant speed of 250 mm/min.

A ram extruder (Acer, Rheometric) was also used during a complementary part of this 

work. Three dies were used all of 1 mm diameter but having varying lengths of 5, 10 

and 15 mm. Four speeds of extrusion were chosen (50, 100, 200 and 400 mm/min).

In both cases, the wet mass was packed into the barrel with an appropriate perspex 

barrel.
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2.2.1.4 Spheronization

A spheronizer (Caleva, Sturminster Newton, Dorset, UK) fitted with a radial plate 

with 203.2 mm/diameter was used. Extradâtes were left to round for 10 minutes at a 

fixed speed of 1 0 0 0  rpm.

2.2.1.5 Drying

The batches were dried in a fluid bed dryer (model, FBD/L70, PRL Engineering Ltd., 

Mostyn, Flintshire, UK) at 50°C for 30 minutes. Some preparations were dried for 24 

hours in a tray oven equipped with a fan (Hotbox oven. Size 1, Gallenkamp, UK) at 

35‘̂ C.

2,2.2 Coating

2.2.2.1 Preparation of coating suspensions

2.2.2.1.1 Preparation of the latex suspensions

2.2.21.1.1. Preparation of latex suspensions of Surelease

Dilutions were made for all the three types of Surelease. The commercial samples 

have a mean concentration in solids of 25%. However to facilitate spraying it is 

recommended that the total solids content of the formulation be diluted to 15% using 

purified water and gently stirred for 15 minutes using a low shear mixer.

It is imperative that the final suspension be continuously agitated throughout the 

coating process.

2.2.21.1.2. Preparation of Aquacoat suspensions

Aquacoat dispersions were obtained by diluting the original suspension to 15% of 

total solids content with water. The plasticizer was then incorporated and mixed at a
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high speed with a magnetic stirrer during 30 min. Before using, the diluted suspension 

was kept under stirring but at low speed, to guarantee perfect homogenisation.

2.2.2.1.2. Preparation of the methacrylate suspensions

2.2.2.1.2.1. Preparations of Eudragit suspension

The original dispersion was diluted with water up to 15% total solids content.

2.2.2.2 Method of Coating

Preparations were coated in a fluid bed coater (Strea 1, Aeromatic Inc., Bubendorf, 

Switzerland). The coating conditions are shown on Table 2.5. Each cycle took on 

average 30 minutes when Surelease or Aquacoat were used and 60 minutes when the 

coating was performed with Eudragit due to the stickiness of this material and the 

lower temperature used (22°C).

Table 2.5 Coating experimental conditions

Coating parameters Set values

Batch size (g) 40

inlet air temperature (°C) 50*

outlet air temperature (°C) 40

atomising air (bar) 0 ,2

Air pressure 35

Air volume (m^/h) 1 0 0

feed rate (ml/min.) 3

* when Eudragit was used the temperature was set at 22°C.
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2.2.23 Curing

After coating pellets coated with Aquacoat were cured for 1 hour in the coating 

chamber at 50°C followed by 6  hours in a tray oven at 35°C. Some selected batches 

were coated under different conditions which will be explained in each case.

2.2.1.4 Ageing

All the preparations were submitted to ageing conditions at room temperature and at 

35°C, for 3 months. Samples were withdrawn at time 0 and after at 1, 2, 4, 8  and 16 

weeks.

2.2.3. Characterization of the wet mass

2.2.3.1 Displacement force

The load pressure applied on the wet mass was recorded using appropriate software 

connected to the ram extruder.

When the Acer Rheomatic was used the values of force displacement were given after 

each extrusion cycle.

2.2.4. Characterization of the pellets

2.2.4.1 Density

Samples were weighed (Oertling YP4 balance) and placed in the air pycnometer (air 

comparison pycnometer, model Beckman 930, Irwin, USA) using ambient air as a 

gaseous medium. The mean of 3 samples was determined.
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1.2A.2 Porosity

The porosity of the pellets was calculated from the ratio between their density as 

determined by air pycnometer and the density of the powders, according to the 

following relationship:

Porosity (granule density/powder density)

where:

granule density = average density of pellets calculated in the air pycnometer 

powder density = proportion of each component x density.

2.2.4 3 Mechanical crushing force

At least 20 pellets of each formulation were evaluated by diametral crushing force 

using a tablet strength tester (CT 40 Engineering Systems, Nottingham, UK). The 

mechanical crushing force was recorded at the moment when the pellets first broke as 

detected on the recorder, even if further increase occurred.

2.2.4 4 Water content

The residual water present in the pellets after drying was determined by 

thermogravimetric analysis (TGA Hi-Res TGA 2950 thermogravimetric analyser) 

connected with a sample analyser (Thermal analyst 2000, TA Instruments, New 

Castle, Delaware, USA).

2.2 4.5 SEM

Whole pellets and halves were attached to carbon impregnated discs and stuck to 

SEM stubs. Samples were then gold coated in an Emitech K550 sputter coater for 2
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min at 30 mA in an argon atmosphere. A Philips XL20 scanning electron microscope 

(Philips, seiie 2000, Philips Technology, Eidhoven, The Netherlands) was used for 

viewing and photos were taken of the surface, structure and membrane thickness of 

pellets before and after dissolution studies.

2.2.4 6 DSC

Samples of uncoated and coated pellets (before and after dissolution) as well as the 

powder blends (typically 5 to 7 mg) were sealed in an aluminium seal and heated at 

10°C/min and analysed for calorimetric features from room temperature to 300°C in a 

differential scanning calorimeter (Shimadzu DSC - 50, Tokyo, Japan), connected to 

an analyser (Shimadzu Thermal Analyser TA - 50) under inert atmosphere of 

nitrogen. Results were recorded by a personal computer (Philips P 3348).

2.2.4.7 Specific surface area

Selected samples were analysed by BET technique for specific surface area using the 

gas adsorption with Krypton (ASAP 2000, Micrometries Instruments Corp., Norcross, 

USA). Pellets with a low specific surface area were also analysed using nitrogen as 

adsorbent gas. In these cases it was possible to determine the mean pore size and 

volume.

2.2 4.8 Determination of drug content

For each drug a calibration curve was determined using 5 different concentrations and 

the absorbance at each of them was measured at a predetermined wavelength. The 

equations obtained were as listed in Table 2.6.
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Samples of each preparation were taken and the content of the drug calculated 

according the absorption in a UV spectrophotometer (model 554, Bodenseewerk 

Perkin Elmer & Co., GmbH, Uberlingen, Germany).

Table 2.6 Calibration curves of model drugs

Drugs Wavelength (nm) Concentration (mg/100 ml)

Ibuprofen 263.4 C = 81.722 X Abs. + 0.0254

Paracetamol 245.0 C =  1.6060 x A b s .-0.0021

Propranolol.HCl 288.0 C = 5.0479 X Abs. 4- 0.0024

Ephedrine.HCl 255.2 C = 6.0761 X Abs. - 0.0208

Sodium salycilate 236.0 C = 2.7859 X Abs. - 0.001

2 2.4.9 Sieve analysis

Pellets were analysed for size using mechanical sieves (Test sieve shaker, Endeccot 

Ltd., London, UK). One hundred grams of each preparation were shaken for 10 

minutes. The mesh diameter of the British Standard n° BS 410 followed a V2 

progression between 500 and 2000 pim.

2.2.4.10 Shape

Measurements were carried out using a Seescan Image Analyser (Solitaire 512, 

Seescan, Cambridge, UK.) attached to a black and white camera (CCD-4 miniature 

video camera module, Rengo Co., Ltd., Toyohashi, Japan) connected to a zoom lens 

(18-108/2-5, Olympus, Hamburg, Germany) and analysed for shape as described by 

Podczeck and Newton (1994). According to these authors, a particle is considered
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round when the shape factor has at least a value of 0.6. To perform this analysis, 40 

spheres were mounted in a petri dish previously painted with non reflective black ink. 

The pellets were lit from the top using cold light source placed at 180” (Olympus, 

Hamburg, Germany). The spheres are projected as two-dimensional figures, and the 

diffuse light reflection at the surface of the pellets can cause small shadows, which 

influences the image. This can be because the focus is in the top and not in the 

perimeter of the pellet. The diffuse light also alters the shape, resulting in an irregular 

definition of the perimeter. However if the distance between the pellets is large 

enough, the shadows are not of importance, because they do not overlay the pellet 

images.

2.2.5 Dissolution tests

2.2.5.1 Paddle method

Dissolution studies were performed according to the paddle method USP XXII, 

apparatus 2 (Pharmatest PTWS, Surrey, UK), fitted with a pump (Ismatec IPS, 

Surrey, UK) and a sample collector (Pharmatest, model PTFC II, Surrey, UK) at a 

rotational speed of 100 rev/min. Samples of the dissolution medium were taken after 

15 minutes for one hour and at one hour intervals thereafter and analysed for drug 

content in a UV spectrophotometer at an appropriate wavelength.

Comparisons were made using a Paddle control Hanson Research apparatus 

(Northridge, CA, USA) connected with a heater (Soft flow control (Northridge, CA, 

USA) and a pump (Gilson Miniplus 2). The dissolution runs in a close circuit hence 

the samples withdrawn were replaced in the dissolution vassel.

2.2.6 Statistical methods

Results were analysed using different software available. Analyses of simultaneous 

par comparison were done using a DOS system. The median particle size was
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calculated using the package SPSS for windows (Release 6.0, 1995). The package 

MiniTab (Release 8 ) was used to analyse interacting cross effects. A canonical 

analysis was performed which allowed the identification of the significant influence 

factors. The calculation of the regression equations by multiple regression analysis 

was used to predict and quantify the influence of the independent variables on the 

dependent variables.
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CHAPTER 3

CHARACTERIZATION OF UNCOATED PELLETS
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3.1 Introduction

The development of multiparticulate oral dosage forms has increased recently and 

therefore the methods suitable to obtain this kind of preparation have also been 

developed. Althought there are many methods available that of extrusion/ 

spheronization has gained popularity due to the advantages that pellets offer over 

other solid oral dosage forms used for immediate or modified release (Nesbitt, 1994). 

This process consists basically of five unit operations - blending, massing, extrusion, 

spheronization and drying - resulting in the formation of small spherical pellets 

showing an homogeneous surface (Otsuka et al., 1994). However, since the different 

phases are strongly related to each other (Newton, 1994) the quality of the end 

product - pellets - that in most of the cases are subjected to further processing such as 

coating, is also strongly dependent on the process factors (Woodruff and Nuessle, 

1972; Noché et al., 1994). On the other hand the physico-chemical properties of the 

drugs influence their own release profile. Vecchio et al. (1994) related the particle size 

of indobufen to its dissolution profile while Ragnarsson et al. (1992) related all the 

three phases of the drug release curve (initial lag time, constant release rate and final 

declining release rate phase) as being strongly influenced by the drug solubility. 

Furthermore, formulation parameters such as the presence of soluble or insoluble 

fillers (Vecchio et al., 1994), surface active agents (Vervaet et al., 1994), pH adjusters 

(Bianchini, 1992), drug load (Bianchini and Vecchio, 1988) and ratio filler/drug 

(Rekki et al., 1995) have also been identified as influencing factors on the drug 

release profiles.

In order to chose the best formulation for each preparation different features were 

judged simultaneously. This concept was defined for formulations that simultaneously 

showed the highest value of shape factor as well as the highest yield in selected 

fraction size. All the preparations will be identified with the initials of the components 

and their relative amount. The water level (W) will be expressed as equivalent parts of 

the total weight of the dry formulation.
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In this Chapter the different physical characteristics of pellets will be analysed in 

relation to their possible influence on the drug release profiles.

3. 2 Experimental design

One of the objectives of this study was to analyse the influence of drug and filler 

solubility on the physical characteristics of pellets obtained by the extrusion/ 

spheronization process. The standardisation of this technique has been the purpose of 

many research studies. Due to the strong relationship between methods and materials, 

new formulations ought to be validated in pre-formulation studies.

The design was drawn up in order to investigate the effect of the formulation variables 

on the physical characteristics of pellets and was based on a central preparation of a 

model drug (propranolol), a model filler (lactose) and cellulose microcrystalline 

(Avicel PH 101) as a pelletizing enhancer, in the proportion of 2:3:5 (PLA 2:3:5) 

calculated on a dry weight basis.

One of the sub-groups into which the study can be divided - the effect of drug 

solubility - was analysed by changing, the drug type but not its relative level within 

the formulation.

The second sub-group consists of the analysis of the ratio of drug:filler. Maintaining 

the model formulation as the central design, the relative proportions between the 

model drug (propranolol) and model filler (lactose) were changed but their total 

amount remained constant (50% of the pellet weight).

The third and fourth sub-groups analysed the influence of different fillers at a low 

level (30%) and at a high level (45%). The fillers involved in the study were also 

chosen according to their solubility relative to the model filler (lactose).

The production flow chart as well as the analysis of the spheres were carried out as 

described in Chapter 2.
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3.3 Requirements of the wet mass

The success of this production process is dependent on the mechanical properties of 

the wet powder mass. During the extrusion process, the powder mass must be able to 

compress and flow through the die as well as cohere into cylindrical rods (Otsuka et 

al., 1994). It has been shown that the behaviour of the mass during the extrusion, 

expressed in the force required to extrude the material, is related to changes in 

porosity and the degree of liquid saturation of the mass (Jerwanska et al., 1995). 

During spheronization these cylinders must break into specimens of suitable 

dimensions and subsequently deform into rounded agglomerates (Otsuka et al., 1994) 

which has also been reported as dependent on the liquid saturation within the wet 

mass (Jerwanska et al., 1995).

One of the parameters most closely related to the agglomeration is the amount of 

water required to obtain a suitable wet mass which gives the plastic characteristics 

that allow the formation of the extrudate and provide the lubricity and cohesiveness 

necessary to obtain the spheres (Ku et al., 1993). Althought other binding agents have 

been tried, their application has not been shown to be particularly advantageous. 

Profound differences occur in the properties of the kneading mass when the liquid 

used is changed. The tensile strength and flowability index of the kneading mass 

increases with slight increases in the surface free energy in the initial stage (Danjo et 

al., 1992). For instance, pellets obtained using ethanol instead of water immediately 

and completely disintegrated in the dissolution media resulting in almost complete 

release of the active component. Conversely pellets produced only with water 

remained intact during the entire dissolution test resulting in a slower drug release 

(Millili and Schwartz, 1990). However other binding agents are useful when an 

increase in dissolution is required. As concluded by Vervaet et al. (1994) the 

enhancement of the in vitro release of the drug from pellets produced by 

extrusion/spheronization can be achieved using a co-solvent such as PEG 400 or a 

solubilizing agent.
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Since the amount of water required for this purpose varied considerably with the 

solubility of the raw materials and the amount of Avicel in the mixtures (Elbers et al., 

1992) it might influence the pellet characteristics (Otsuka et al., 1994). For instance, 

calcium hydrogen phosphate dihydrate requires more water than lactose or glucose to 

produce pellets, which can be explained by the hydrophilic nature of the first material 

and also because it consists not of individual crystals but of aggregates of crystallites 

(Eerikainen, 1991). At the moment the determination of the ideal proportion of water 

can only be achieved by trial and error and the best value should represent a 

compromise between the total yield of the batch, a narrow distribution size and 

surface characteristics such as smoothness. As shown by Kleinebudde (1994), using a 

twin screw extruder, the water content of the extrudate affects all extrusion process 

variables and determines the size and shape of the resulting particles. Power 

consumption, pressure and end temperature drop increased when the water content 

increased. At an optimum water content, nearly spherical particles were obtained.

It seems, however, that it is not only the quantity of water that determines the grade of 

agglomeration. As refered by Ku et al. (1993) the temperature of the water will also 

be an important factor which has significantly affected the pellet size, being larger at 

the higher temperature. According to these authors, and since the water provided the 

necessary lubricity to carry out the extrusion and spheronization and enhanced its 

cohesiveness and plasticity, the warmer water is believed to further ameliorate these 

attributes and thus improve the yield of the desired pellet size (Ku et al., 1993). As 

proposed by Chow and Leung (1996) the agglomeration of the powders is based on 

liquid bridges that join the particles together and eventually solidify to form the 

primary agglomeration; these further grow in size through random coalescence and at 

the same time are broken down by collision. A definitive size is finally achieved when 

a balance between the two opposing processes is reached.

On the other hand, since the active drug substances do not always have lubricant 

properties it could be important to add some substances that reduce friction and
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surface defects. Mesiha and Vallès (1993) tried the utilisation of some surfactants and 

concluded that they gave good results in terms of lowering the power consumption, 

maintaining the lowest temperature at the extruder head. The absence of surface 

defects promotes uniform breakage of the extrudate during spheronization and 

minimises the formation of fine particles resulting from the segmentation of deep 

ridges. This property is also useful if the formulated system is intended for controlled 

release since it affords the greatest control of surface area in the spheres (Mesiha and 

Vallès, 1993).

As water acts as a lubricant it is assumed that it is uniformly distributed inside the 

powder mixtures. In order to allow a complete diffusion of water, a lag time between 

the granulation process and the extrusion phase is sometimes necessary (Pinto et al, 

1992). However, as pointed out by Vervaet et al. (1994) this can have an influence on 

the quality of the pellets and should be analysed for each case. They found that when 

lactose was used as filler the p-lactose fraction dissolved in the granulation liquid was 

progressively transformed into a-lactose monohydrate. Since this lactose has a lower 

water solubility than p-lactose, it precipitated and thereby reduced the total volume of 

the fluid phase resulting in a dryer granulated mass and more fines formed during 

extrusion (Vervaet et al., 1994).

One of the components present in all the preparations was MCC. The property of this 

material to swell in polar solvents such as water is well known, which may alter the 

pore size or the total free volume of the matricial structure of pellets and subsequently 

influence the drug release. All of the pellets produced with MCC expand considerably 

when exposed to water but not in the presence of n-hexane as concluded by Davidson 

et al. (1994). This expansion takes place relatively quickly and therefore should be 

taken into account when considering the required elasticity of any coating applied to 

the matrices. It was also demonstrated that the smaller the quantity of water used the 

stronger were the matricial pellets produced.
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3.4 Results and discussion

3.4.1 Pellet size

The extrusion/spheronization process requires an initial moulding step where the wet 

mass is forced to pass through a die. However, the extension of the agglomeration 

achieved should be controlled in order to obtain spheres within a narrow range size 

(Otsuka et al., 1994). As shown by Ragnarsson and Johansson (1988) the release rate 

of a drug is directly proportional to the surface area of the coated pellets. As these 

authors observed, this means that four times more coating solution should be needed 

to maintain the release properties if the particle size is reduced to half of the original 

value.

One of the parameters most closely related to the agglomeration is the amount of 

water required to obtain a suitable wet mass (Otsuka et al., 1994) which is related to 

the solubility of the components (Erkoboni et al. 1990) and with the amount of Avicel 

present in the mixture (Elbers et al., 1992; Lustig et al., 1995).

Due to the influence of the amount of water in the pellet characteristics, several water 

levels were tried to achieve the ideal proportion. This was judged in terms of a high 

batch yield (calculated as the amount of pellets that it was possible to obtain from the 

amount of extrudate put on the spheronizer plate) and a high percentage of pellets 

obtained within the selected fraction size of 1 to 1.4 mm diameter.

Table 3.1 (a, b, c, d) shows the different water/dry mixture ratios analysed for each 

formulation, the total yield of the batch, the yield achieved in the selected size fraction 

(1 to 1.4 mm diameter), the extrusion force recorded in each case and the median 

particle size of pellets produced in the subgroup a) influence of drug type; b) ratio 

drug: lev el; c) lower level of filler; d) higher level of filler. The water level chosen for 

each formulation, signalled in bold characters, is the one that, simultaneously gave the 

best extrusion force pattern, the total yield in the selected fraction size as well as the 

yield of the batch (identified as the total amount of pellets that it was possible to 

produce whatever the size).
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All of the preparations show that as the water level increases the extrusion force 

decreases. However it is interesting to analyse how this increase affects the median 

particle size. While for low water soluble drugs (I and Pa) the water in the ratios 

studied does not have a great influence, with the pellet size being almost the same for 

different increases in the water level, for more soluble drugs the pellet size increases 

considerably for an equivalent increase in water level. It can also be concluded that 

the required amount of water decreases when the drug solubility decreases.

Table 3.1a Total batch yield (%), yield of the selected fraction 1-1,4 mm pellet 

diameter (%), extrusion force (kN) and median particle size (mm) as a function 

of different water levels: different drugs

Formulation Water level 

(parts weight)

Total Yield 

(%)

Selected fraction 

yield (%)

Extrusion 

Force (kN)

Median particle 

size (mm)

ILA 2:3:5 5.41 90.79 78.20 15.80 1.10

5.50 91.19 77.52 14.34 1.10

5.58 86.45 84.43 13.09 1.11

PaLA 2:3:5 5.16 23.24 83.93 13.87 1.09

5.50 86.11 82.49 10.06 1.09

5.66 89.22 59.71 9.66 1.10

PLA 2:3:5 5.33 71.74 75.40 9.19 1.10

5.41 74.71 80.42 9.07 1.12

5.50 83.05 82.79 7.82 1.18

ELA 2:3:5 4.66 80.21 67.38 10.81 1.05

4.83 83.16 84.20 9.74 1.17

5.00 85.74 80.11 8.27 1.21

SLA 2:3:5 3.00 24.60 30.88 15.29 1.37

3.16 26.01 23.92 13.28 1.58

3.33 34.89 24.18 11.83 1.57

3.41 82.70 53.40 10.53 1.31

3.50 58.67 0 10.81 1.54
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It should be pointed out that outside the limits shown, it was impossible to have a 

satisfactory product either due to uncontrollable agglomeration or because the mass 

was too diy to extrude. In some cases, namely with soluble drugs, particles were 

formed but due to the shape (dumb bell) the preparations were rejected.

Figure 3.1 shows the influence of the drug solubility both on the total amount of water 

required for extrusion and the median particle size of pellets obtained in this selected 

range of drug solubility (solubilities in g/1: 1 = 0.0025; Pa = 14.28; P = 50.0; E = 333.3 

and S = 1000).

Figure 3.1 Influence of the drug solubility (g/1) on the (•) amount of water (w/w) 

required to obtain the best formulation and the (o) median particle size (mm) of 

the resultant pellets.
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1; ibuprofen; 2: paracetamol; 3: propranolol; 4: ephedrine; 5: sodium salicylate

The analysis of the influence of the amount of water on the size of pellets obtained 

with different drug:filler ratios is summarised on Table 3.1.b. In this sub-group it is 

clearly shown that the amount of water also influences the extrusion force and the 

particle size. It also can be seen that while lactose is replaced by propranolol the 

amount of water required is smaller. This can be explained by the difference in the 

water solubility between propranolol and lactose but also due to the ciystallinity of 

the drug.
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Table 3.1b Total batch yield (%), yield of the selected fraction 1-1,4 mm pellet 

diameter (%), extrusion force (kN) and median particle size (mm) as a function 

of different water levels: drugifiller ratio

Fonnulation Water level Yield Selected fraction Extrusion Median particle

(parts weight) (%) yield (%) Force (kN) size (mm)

PLA 0.5:45:5.0 5.50 38.27 61.15 9.90 1.06

5.58 93.95 71.42 8.60 1.08

5.66 81.66 86.60 8.25 1.16

PLA 1:4:5 5.50 83.85 69.65 9.31 1.08

5.58 94.58 83.36 8.37 1.11

5.66 94.38 87.54 7.93 1.16

PLA 3:2:5 5.33 96.13 96.22 8.25 1.15

5.41 94.16 92.26 7.74 1.18

5.50 92.89 62.80 7.74 1.33

PLA 4:1:5 5.33 96.47 94.18 8.09 1.18

5.41 96.24 57.70 7.42 1.35

5.50 93.29 25.37 7.31 1.54

PLA 5:0:5 5.0 89.56 78.56 16.70 1.17

5.12 93.21 82.40 14.24 1.21

5.33 94.56 72.54 15.80 1.43

For different ratios drug/filler, if the same amount of water is used, the increase in the 

particle size is shown in Figure 3.2. As it was not possible to produce pellets with this 

amount of water, the preparation PLA 5:0:5 is omitted.

As in the previous cases, the water level is related to the agglomeration and size of the 

pellets. However when a very soluble filler is used (G) the change in the pellet size 

varies in a different way. High agglomeration occurs either for both low and higher 

water levels which is probably due to the stickiness observed during the extrusion. 

With mannitol the difference in size is not very important whereas with calcium 

phosphate the increase seems proportional to the quantity of water in the formulation. 

Tables 3.1c and 3 .Id show, respectively the batch characteristics when the lower and 

higher filler levels were tried with different amounts of water.
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Figure 3.2 Comparation of the mean pellet size (•) obtained with formulations of 
Group II, when the same amount of water was used to produce the pellets.
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Table 3.1c Total batch yield (%), yield of the selected fraction 1-1,4 mm pellet 

diameter (%), extrusion force (kN) and median particle size (mm) as a function 

of different water levels: lower filler level

Formulation Water level Total yield Selected fraction Extrusion Median particle

(parts weight) (%) yield (%) Force (kN) size (mm)

PGA 2:3:5 3.66 92.76 72.80 15.56 1.21

4.00 94.98 74.86 12.34 1.15

4.16 95.53 58.96 9.98 1.35

PMA 2:3:5 4.83 96.85 93.96 11.36 1.15

4.91 96.24 93.87 10.85 1.15

5.00 95.82 93.32 10.65 1.16

PCA 2:3:5 5.66 32.13 * 12.22 1.10

6.00 77.89 92.78 8.56 1.15

6.33 92.91 92.33 6.99 1.18

PBA 2:3:5 5.33 85.00 75.31 9.45 1.05

5.41 92.80 63.08 7.46 1.11

5.50 81.25 78.31 6.60 1.11

*pellets not considered due to their shape (either cylinders or dumb-bells)
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Table 3.1d Total batch yield (%), yield of the selected fraction (%), extrusion 
force (kN) and median particle size (mm) as a function of different water levels: 
higher filler level

Formulation Water level Total yield Selected fraction Extrusion Median particle

(parts weight) (%) yield (%) Force (kN) size (mm)

PGA 0 5:4.5:5.0 3.83 95.38 78.35 18.83 1.22

3.91 90.54 72.99 15.80 1.18

4.00 95.52 * 7.31 1.13

PMA 0.5:4 5:5.0 5.00 94.27 85.80 14.58 1.13

5.16 94.98 91.71 12.34 1.13

5.33 93.27 90.28 9.27 1.14

PCA 0.5:45:5.0 6.33 90.76 92.43 10.25 1.09

6.50 93.91 96.09 8.41 1.12

6.66 93.21 93.42 7.23 1.15

PBA 0.5:45:5.0 5.41 78.41 39.46 6.99 0.96

5.50 91.04 41.86 6.68 0.98

5.58 83.45 83.57 5.26 1.06

*pellets not considered due to their shape (either cylinders or dumb-bells)

As well as the solubility of the drug the solubility of fillers also clearly influences the 

amount of water required for extrusion and consequently the median particle size.

In order to analyse the effect of water and the extrusion equipment on the pellets 

produced, a selected preparation of PBA 1:9:10 was prepared with different levels of 

water and extruded in a capillary rheometer extruder. The formulation used, levels of 

water, total yield and median size of the resultant pellets are shown on Table 3.2.

The results confirmed that within a determined range, the amount of water does not 

show differences in the particle size of pellets. However, if this limit is exceeded, the 

pellet size suddenly increases (Figure 3.3).
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Table 3.2. Formulation variables, total batch yield (%), yield in the selected 

fraction (%) and median size of pellets (mm) obtained from the same dry 

formulation (PBA 1:9:10)

Form ulation W ater ratio  ̂ Yield2 Yield^ M edian pellet size  
(m m )

PBA 1:9:10 9.2 96.30 94.24 1.16

9.6 96.76 95.08 1.17

10.0 96.74 96.49 1.17

10.4 96.39 96.23 1.18

10.8 96.45 94.05 1.21

11.2 96.27 60.00 1.39

11.6 95.94 23.29 1.60
^Parts of water on a dry weight basis; ^Total yield of the hatch (%); ^selected fraction yield obtained in 
the selected fraction size of 1 to 1.4 mm diameter.

Figure 3.3 Relation between the amount of water used during extrusion of a 

formulation based on insoluble fillers (PBA 1:9:10) and the (•) median particle 

size (mm) of the resultant pellets and their (o) shape factor (cp)
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The analysis of other physical characteristics of these pellets, shown in Table 3.3, 

suggests that the effect of water is not only confined to the pellet size. The shape 

factor, as will be discussed later, decreases considerably as the size increases, which 

indicates that the pellets produced are no longer round. The porosity and density also 

varied with the amount of water.
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Table 3.3 Physical characteristics of pellets obtained with a formulation based on 

PBA 1:9:10 with different levels of water

Formulation Ar Cr Density. Porosity

1 1.076 4224 0.6371 2.13 0.240
2 1.084 4181 0.6349 2.09 0.254
3 1.068 4268 0.6553 2.07 0.261
4 1.073 4064 0.6419 2.14 0.236
5 1.090 4098 0.6183 2.14 0.236
6 1.208 4173 0.4669 2.09 0.254
7 1.195 4190 0.4841 2.05 0.268

A t - aspect ratio; P m  - perimeter (mm); e  ̂- shape factor; Den. - density (g/cm"^); For - porosity.

3.4.1.1 Selection of the water level for each formulation

According to the preliminary studies, the amount of water that gave the best quality of 

pellets was chosen for each formulation.

Table 3.4 shows the size fraction obtained in successive experiments using the same 

formulation. The results are the mean and standard deviation of 3 experiments of 300 

g batches of dry powder mixture, using the amount of water selected for each 

preparation. It can be seen that even when the best formulation was chosen, 

significant differences were observed, either being considered as "good results" when 

the total yield in the selected fraction size rose, or a "bad result" when the opposite 

was observed.

115



Chanter 3 - Characterization of uncoated pellets

Table 3.4 Reproducibility of the yield of pellet in the size range 1.0 - 1.4 mm (%) 

with 3 different production batches.

Variable Formulation Mean STD F values

PLA 2:3:5 82.85 2.36
ILA 2:3:5 84.95 1.42 3.53

Drug type PaLA 2:3:5 85.27 2.45 2.15
ELA 2:3:5 77.33 3.60 11.11*
SLA 2:3:5 58.67 468 213.70***

PLA 0.5:45:5.0 85.85 0.71 3.31
PLA 1:4:5 87.32 0.86 7.33

Drug level PLA 3:2:5 90.26 1.94 20.07*
PLA 4:1:5 93.24 0.95 39.49**
PLA 5:0:5 81.86 0.51 1.00

PGA 2:3:5 77.50 2.82 10.45*
Filler level (+) PMA 2:3:5 93.26 1.88 32.44**

PCA 2:3:5 92.18 0.42 31.85**
PBA 2:3:5 79.96 1.08 3.05

PGA 0.5:45:5.0 79.55 1.13 3.97
Filler level (-) PMA 0.5:4.5:5.0 92.54 0.92 34.33**

PCA 0.5:45:5.0 95.07 1.51 54.68**
PBA 0.5:45:5.0 84.55 1.06 1.06

Variance between classes: 2036; variance within classes: 3.04, 
of freedom: 34; *p 0.05; **p ^ 0.01; ***p ^ 0.001

1st degree of freedom: 17; 2nd degree

Comparing the results obtained with the different preparations with that of the centre 

of the design (Table 3.4) it can be seen that within the Group I (different drugs) 

similar results were obtained with the more insoluble drugs (ibuprofen and 

paracetamol). The more soluble drugs (ephedrine and sodium salycilate) gave 

significantly different results which can denote the difficulty in obtaining high yields 

in the selected fraction size. In the Group II (different ratio drug/filler) the values 

obtained with the preparations PLA 3:2:5 and PLA 4:1:5 showed a high yield in the 

selected fraction size. This can be attributed to the lower total solubility as the lactose 

was being replaced with propranolol. The result obtained with preparation PLA 5:0:5
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was somehow unexpected due to the difficulties encountered in obtaining a high yield 

of pellets, within the selected fraction, from this formulation. For Groups III and IV 

(different fillers at a low and high level, respectively) high yields, significantly 

different from the centre of design, were obtained with mannitol and calcium 

phosphate at both a low and a high level.

3.4.2 Perimeter

As the perimeter of the pellets is closely related to their size it is expected that the 

values will also be influenced by the water content. Because the formulation under 

study is the one previously chosen as the best, the perimeter was then analysed in 

terms of the influence of different materials and not the influence of the level of water 

added. All the drugs except sodium salicylate showed significantly different results. 

The results presented on Table 3.5 show that when the drug:excipient ratio was 

examined, only the proportion 1:4:5 gave identical results. Preparations based on PLA 

5:0:5 gave the most different result. The trend of change in the diameter shown when 

the smaller level of the different fillers is incorporated seems to be related to their 

solubility. However this is not confirmed for the higher level, where only the barium 

sulphate maintains the same trend while the soluble filler now shows a statistical 

difference.

117



Chanter 3 - Characterization o f uncoated pellets

Table 3.5 Effect of the formulation on the perimeter

Variable Formulation Mean Perimeter 
(mm)

STD F values

PLA 2:3:5 4210 219.6
ILA 2:3:5 3581 255.1 89.53***

Drug type PaLA 2:3:5 3482 191.0 135.58***
ELA 2:3:5 3847 269.9 29.82***
SLA 2:3:5 4211 231.8 1.00

PLA 0.5:4.5:5.0 3975 333.3 12.15***
PLA 1:4:5 4257 220.4 1.00

Drug level PLA 3:2:5 4054 350.4 5.27*
PLA 4:1:5 3996 263.1 11.03**
PLA 5:0:5 4988 344.8 135.07***

PGA 2:3:5 4275 290.0 1.00
Filler level (+) PMA 2:3:5 4190 430.4 1.00

PCA 2:3:5 4509 192.9 19.95***
PBA 2:3:5 3574 250.9 93.97***

PGA 0.5:4.5:5.0 4077 319.7 3.83*
Filler level (-) PMA 0.5:4.5:5.0 3993 280.0 10.80**

PCA 0.5:4.5:5.0 4131 355.1 1.35
PBA 0.5:4.5:5.0 3460 125.6 129.01***

Variance between classes: 5307332; variance 

degree of freedom: 629; *p ^ 0.05; **p ^ 0.01;

within classes: 78421;

* **p^  0.001

1st degree of freedom: 17; 2nd

3.4.3 Residual moisture

As reported before, water is an important formulation variable that not only interferes 

with the physical characteristics of the resultant pellets but also can have influence on 

the drug release profile. It is important to analyse how this water behaves after the 

extrusion/spheronization process is completed.

The various materials used as well as the drugs have different solubilities and capacity 

to retain water. For this reason the amount of water required was also different.
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However, as the drying conditions were identical for all the batches it is possible that 

the residual moisture of pellets may vary with the formulation. Table 3.6 shows the 

amount of water required for extrusion (defined in percent of the total wet mass 

weight) and the residual water present in the pellets (as a percentage of the pellet 

weight), calculated by thermogravimetric analysis. From these results it is not 

possible to attribute the residual moisture to the water required for extrusion. For 

instance the preparation SLA 2:3:5 which required the small amount of water, 

compared with the other preparations in the Group I, showed a high residual moisture. 

On the other hand, the preparation PCA 2:3:5 which required the highest water level 

within the Group III, showed low residual moisture.

Table 3.6 Water required for extrusion (% of the total wet mass) and residual 

moisture content (% w/w) after drying.

Variable Formulation Initial amount 
of water (%)

Residual 
moisture (%)

PLA 2:3:5 35.10 2.65
ILA 2:3:5 35.81 2.90

Drug type PaLA 2:3:5 35.48 2.53
ELA 2:3:5 32.56 2.61
SLA 2:3:5 25.42 3.41

PLA 0.5:4.5:5.0 36.14 2.25
PLA 1:4:5 36.14 2.37

Drug level PLA 3:2:5 35.10 2.72
PLA 4:1:5 34.76 2.03
PLA 5:0:5 33.86 1.83

PGA 2:3:5 28.57 3.66
Filler level (+) PMA 2:3:5 32.56 1.50

PCA 2:3:5 38.76 1.71
PBA 2:3:5 35.48 1.65

PGA 0.5:4.5:5.0 27.69 5.09
Filler level (-) PMA 0.5:4.5:5.0 34.03 1.44

PCA 0.5:45:5.0 39.39 2.11
PBA 0.5:45:5.0 35.81 1.58
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The calculation of the residual moisture was based in the weight loss, using 

thermogravimetric analysis as described in Chapter 2. The results show that only 3 

preparations gave water loss of more than 3%. In the case of glucose, when used at 

both the higher (PGA 2:3:5) and lower (PGA 0.5:4.5:5.0) levels, a rapid decrease in 

weight near 100°C can be related to alterations of this component rather than loss in 

water. The thermograms of the pure component (Figure 3.4a) do not show any 

alteration near this temperature as the endotherm peak occurs only at 162.08®C. Also, 

when dry mixtures of glucose, propranolol and Avicel were prepared, corresponding 

to the formulations PGA 2:3:5 and PGA 0.5:4.5:5.0 the thermogram (Figure 3.4b and 

3.4c, respectively), although more complex due to the interaction between the 3 

components, the results still do not show any possible degradation of the product. 

However, when uncoated pellets were analysed, the resultant thermogram (Figure 

3.4d) shows an endotherm at 83.77®C for the lower level of glucose and at 84.5°C 

(Figure 3.4e) for the higher level. This can explained by alterations of the thermal 

behaviour of glucose after processing. With the preparation ILA, a similar degradation 

occurred which is clearly related to the lower endotherm registered for ibuprofen 

(76.74°C). One the other hand, the preparation SLA which also showed a water loss 

higher than 3% does not mean that modification to its thermal behaviour occurred.
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Figure 3.4 DSC curves of: (a) pellets obtained from PGA 2:3:5; (b) dry mixture 

of PGA 2:3:5; c) dry mixture of PGA 0.5:4 5:5.0; d) pellets obtained from PGA 

0.5:4 5:5.0 and e) glucose.
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3.4.4 Extrusion force

The extrusion force required to obtain the extrudate is related to the rheological 

properties of the wet mass which firstly depends on its plasticity. Its value, usually 

recorded while the extrusion is in progress, often changes progressively with an 

increase in slope, a constant value and a rise, increasing at the end of the extrusion. 

This 3 model segments of the force/displacement profile, representing the initial 

compressing stage, the steady state zone and the force flow, respectively, are 

dependent upon the length to the radius of the die used (Harrison et al., 1983), the 

materials being extruded (Fielden et al., 1989) and the speed of extrusion (Harrison et 

al., 1987). Their relative length and the highest force recorded can provide valuable 

information about the wet mass being processed and predicts its capacity for 

producing spheres.

According to the physical results discussed later in this Chapter, the extrusion forces 

recorded to obtain the best formulation within each sub-group of variables, described 

earlier, are shown on Table 3.7. These values, expressed as the mean and standard 

deviation, represent the maximum force recorded during the extrusion of the selected 

formulation when a barrel speed of 250 mm/min was applied and a die with a 

length/diameter ratio of 4:1 (mm/mm) was used.

The ANOVA results show that the solubility of the drugs is related to the extrusion 

force required for extrusion. Compared with the centre of the design, when the drug 

changes, the extrusion force also changes but no statistical significant differences 

were observed. The value of the extrusion force does not seem to be influenced by 

modification in the ratio drug/filler, as all the preparations of this sub-group gave 

identical results. The exception is the formulation PLA 5:0:5 but this is probably due 

to the absence of lactose and not related to other physical alterations of the wet mass. 

On the other hand, the influence of the filler solubility is only statistically significant 

for the most soluble filler (G) at its higher level. When this material is used in is lower
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level, although no significant changes were recorded, a trend to a different behaviour 

was already noticed.

Table 3.7 Analysis of variance of the extrusion force values (kN) recorded when 

the best formulation in each sub group of formulations was obtained.

Variable Formulation EF Mean^ 
(kN)

STDb Fc

PLA 2:3:5 9.21 1.50
ILA 2:3:5 13.15 0.07 7.65

Drug type PaLA 2:3:5 12.79 2.81 6.30
ELA 2:3:5 9.143 0.52 1.00
SLA 2:3:5 10.98 0.40 1.55

PLA 0.5:4.5:5 10.19 1.52 1.00
PLA 1:4:5 9.30 1.19 1.00

Drug level PLA 3:2:5 8.78 0.90 1.00
PLA 4:1:5 9.33 1.15 1.00
PLA 5:0:5 15.58 1.24 19.97*

PGA 2:3:5 12.18 0.23 4.35
Filler level (-) PMA 2:3:5 11.24 0.12 2.04

PCA 2:3:5 7.79 0.72 1.00
PBA 2:3:5 7.71 1.10 1.10

PGA 0.5:4.5:5 15.12 1.51 17.19*
Filler level (+) PMA 0.5:4.5:5 9.89 0.54 1.00

PCA 0.5:4.5:5 8.84 1.40 1.00
PBA 0.5:4.5:5 6.50 1.07 3.61

^Mean values of extrusion force (n= 3); ^standard deviation (n=0); ^  - F values 
(+) high filler level; Variance between classes: 2036; variance within classes 
freedom: 17; 2nd degree of freedom: 51 ; *p^ 0.05.

;(-) lower filler level;
: 3.04, 1st degree of

3.4.5 Geometric shape of the pellets

The analysis of pellets as a geometrical polygon assumes particular importance when 

this dosage form is submitted to coating with the aim to sustain-release the drug.
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It is also important for industrial application that the methods used to describe the 

shape have practical relevance and are easy to use. One of these processes would be 

the calculation of the OPCS (one plane critical stability) as proposed by Chapman et 

al. (1988). This involves taking round images of pellets and a dedicated software 

programe unfortunately not readily available.

Some technological parameters have been mentioned that interfere with the value of 

the roundness of pellets such as the increase in the spheronizer load. Barrau et al. 

(1993) showed that this parameter significantly decreases the granule sphericity which 

was justified based on the lower contact between the pellets and the spheronization 

plate. Also, the loss of water during the drying process could result in a shrinking 

process combined with a reduction in porosity. The resultant pellets are smaller if 

compared to undried pellets. The shrinking process leads to densification and the 

porosity no longer reflects the initial water content of the extrudate, but is more 

dependent of the formulation (Kleinebudde, 1994).

3.4.5.1 Aspect ratio

The usual analysis for describing the geometric shape of particles is the calculation of 

its aspect ratio (AR). This value corresponds to the relation between the width and 

breadth of the particle, being 1 for a perfect sphere. However, a circle, square or other 

polygonally symmetric shape such as a cube or an equalateral triangle will all have an 

aspect ratio of 1.0. For this reason this value represents a poor representation of the 

shape of the pellets.

Although none of the preparations gave pellets with this exact value, values of 

approximately to 1.0 were obtained. Again, considering that the preparations under 

study were obtained from wet masses that previously gave satisfactory results, the 

type of the drug does not show statistical difference in the AR of any of the models 

(Table 3.8). The values obtained suggested that an ideal proportion drug:excipient 

appears to exist. When mannitol is presented at its lower level it tends to give pellets
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with different AR values which was confirmed when the higher level was used. For 

calcium phosphate statistical differences were only detected with the higher level.

Table 3.8 Effect of the formulation on the aspect ratio

Variable Formulation Mean STD (.10-2) F values

PLA 2:3:5 1.086 4.82
ILA 2:3:5 1.078 4 3 4 1.00

Drug type PaLA 2:3:5 1.08 3.95 1.00
ELA 2:3:5 1.092 4.648 1.00
SLA 2:3:5 1.079 4.669 1.00

PLA 0.5:4.5:5.0 1.138 18.25 6.30*
PLA 1:4:5 1.086 6.258 1.00

Drug level PLA 3:2:5 1.09 5.391 1.00
PLA 4:1:5 1.094 1494 1.00
PLA 5:0:5 1.203 10.36 32.36***

PGA 2:3:5 1.089 6.60 1.00
Filler level (+) PMA 2:3:5 1.11 5.75 1.36

PCA 2:3:5 1.106 5.84 1.00
PBA 2:3:5 1.088 4.75 1.00

PGA 0.5:45:5.0 1.096 5.85 1.00
Filler level (-) PMA 0.5:45:5.0 1.129 7.64 4.49*

PCA 0.5:45:5.0 1.211 16.60 35.85***
PBA 0.5:45:5.0 1.075 3.89 1.00

Variance between classes: 0.055; variance within classes: 0.007; 1st degree of freedom: 17; 2nd degree 
of freedom: 629; *p< 0,05, ***p< 0,001

S.4.5.2 Shape factor

A suitable method to analyse the sphericity of a particle is the shape factor, reported 

by Podczeck and Newton (1994). The value of the shape factor considers both the 

geometrical shape and the surface texture of spherical agglomerates such as pellets 

and is of fundamental importance in the characterisation of the end product.
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The measurements of this variable were carried out by image analysis as described on 

Chapter 2. According to these authors, the characterisation of the shape of a particle, 

taking in account the surface roughness, is based on a shape factor, e^ and calculated 

according to the Equation 3.1:

Cf = 2jtr - 1 - (b/X)2 Equation 3.1

Pm V

where is the measured perimeter, r the radius of the circle determined as the 

average of 36 values measured at 10® intervals using the centre of gravity of the pellet 

as the centre for polar co-ordinate, X the length of the ellipse and b the breadth of the 

ellipse and representing the largest distance perpendicular to the length axis. This 

equation relates the surface roughness (first part) and the linear eccentricity (part 

under the square root sign). According to this equation only a circle can have an ê  

value of 1.0. However, due to the fact that the image is projected as a two dimensional 

shape, light can reflect and form shadows resulting in changes of the real image which 

was confirmed (Podczeck and Newton, 1994) when a perfect sphere (ball bearing) 

was found to have an e  ̂value of 0.766, using a light table (the image of the pellets 

was thus black on a bright background, and dark shadows could alter the image).

To perform this analysis, at least 40 spheres were mounted in a half petri dish 

previously painted with non reflective black ink. The pellets were lit from the top 

using a cold light source. The image was thus presented as white pellets on a black 

background.

The Table 3.9 presents the results determined for this variable in the selected or "best" 

preparations. The ANOVA shows that the variable shape factor, e^ is not influenced 

by the solubility of the drug when the ideal formulation is achieved. However 

different fillers have clear influence on the e  ̂value. This cannot be attributed to their 

solubility because a very soluble filler (glucose) and a practically insoluble (barium 

sulphate) gave results which were not significantly different when compared with the 

centre of gravity of the design. The difference appears to be more related to the type
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of filler. This assumption can be seen for the lowest filler level and was afterwards 

confirmed when the higher level was applied. The behaviour of mannitol and calcium 

phosphate already tends to provide a different value of ê  when used in their lowest 

level which was confirmed, with statistical significance when the higher level was 

tested. The small value of ej. calculated with the preparation PLA 5:0:5 seems to be 

more related to the formulation; it means, the absence of the filler (lactose) gave a 

statistically different value.

Table 3.9 Effect of the formulation on the shape factor

Variable Formulation Mean STD F values

PLA 2:3:5 0.62 0.095

ILA 2:3:5 0.63 0.083 1.00

Drug type PaLA 2:3:5 0.63 0.085 1.00

ELA 2:3:5 0.60 0.089 1.00

SLA 2:3:5 0.63 0.097 1.00

PLA 0.5:45:5.0 0.57 0.138 2.97

PLA 1:4:5 0.62 0.101 1.00

Drug level PLA 3:2:5 0.61 0.104 1.00

PLA 4:1:5 0.63 0.124 1.00

PLA 5:0:5 0.46 0.116 38.54***

PGA 2:3:5 0.62 0.101 1.00

Filler level (+) PMA 2:3:5 0.57 0.102 2.56

PCA 2:3:5 0.58 0.099 2.17

PBA 2:3:5 0.62 0.109 1.00

PGA 0.5:45:5.0 0.60 0.100 1.00

Filler level (-) PMA 0.5:45:5.0 0.55 0.115 6.69**

PCA 0.5:45:5.0 0.48 0.162 26.55***

PBA 0.5:45:5.0 0.64 0.083 1.00

Variance between classes: 0,08; variance within classes: 0,011; 1st degree of freedom: 17; 2nd degree 

of freedom: 663; ** p< 0,01, *** p< 0,001
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Figure 3.5 shows the values of ê  and AR determined for pellets produced with 

different drugs. The more insoluble drugs (ibuprofen and paracetamol)present AR and 

ê  which seem to have the same pattern. When the drug solubility increases the aspect 

ratio rises while the shape factor decreases. However pellets obtained with sodium 

salycilate showed the same behaviour already noted for ibuprofen and paracetamol.

Figure 3.5. Values of er (o) and AR (•) calculated for pellets produced from 
formulations with different drugs.
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Figure 3.6 shows the values of ê . and AR determined with preparations where the 

drug/filler ratio changed. It seems that ideal proportions of drugifiller exist because 

both the smaller and the higher drug contents show an ep value which is significantly 

different from the centre point. However it should be pointed out that in the 

preparations with the highest drug level no more filler is present and so the results can 

also reveal that in these conditions the best formulation was not achieved. As the 

values of shape factor and aspect ratio seem to be related, the major change in pellet 

shape is due to gross changes in dimensions and not surface roughness.
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Figure 3.6. Values of ê  (o) and AR (•) calculated for pellets produced from 
formulations with different drug (propranolol) to filler (lactose) ratio
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For pellets obtained with different fillers at a low (Figure 3.7) and at a high level 

(Figure 3.8), both values of aspect ratio and shape factor varied in a complex manner 

and no relation can be drawn based on the filler solubility.

Figure 3.7. Values of er (o) and AR (•) calculated for pellets produced from 
formulations with different fillers used at the lower level.
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Figure 3.8. Values of ê  (o) and AR (•) calculated for pellets produced from 
formulations with different fillers used at the higher level.
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3.4.6 Density

The density of pellets should be taken into consideration not only for technological 

purposes because the majority of them are usually encapsulated in hard gelatin 

capsules but also because this physical property can be directly related with the 

gastrointestinal transit time and be of pharmacokinetic relevance.

The results of the studies carried out by Clarke et al. (1995) have indicated that, at 

densities up to 2.4 g cm'^, there is no difference in gastrointestinal transit of pellets in 

the size of 1.2 to 1.4 mm, when compared with a standard control multiple unit 

formulation of density 1.5 g cm'^. For this range of values no significant delay was 

observed. It appears that the critical density to achieve prolonged gastric residence lies 

between 2.4 and 2.8 g crnr  ̂(Clarke et al., 1995).

On the other hand the in vivo studies conducted by Bechgaard and Ladefoged (1978) 

in six ileostomy subjects, concluded that pellets from multiple unit controlled-release 

prcxlucts are dispersed throughout the small intestine and pass through the intestine at 

a rate that depends largely on their density rather than their diameter. The average 

transit time in this study was 7 and 25 h for light and heavy pellets, respectively, and
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significant differences were reported not only within but also between subjects, the 

density of the pellets being a primary objective for modification when multiple units 

are required to meet specific biopharmaceutical demands.

The density of the pellets has been related to the production parameters and it is 

generally assumed that under the extrusion/spheronization conditions (capillary forces 

and solid bridges during extrusion and cohesion due to mechanical forces during 

spheronization) its value is dependent on the interaction of moisture content and 

spheronization speed (Sonaglio et al., 1995), spheronization time (Hileman et al., 

1993) or related to formulation factors such as Avicel content (Hileman et al., 1993). 

The analysis of the density of the pellets was based in the theoretical density of the 

powder mixtures calculated according to the relative proportion between components. 

The results of powder or bulk density, resultant pellet density and their porosity 

(calculated as described on Chapter 2), are shown on Table 3.10 All the preparations 

have density values that are statistically significant compared to the centre of gravity, 

in particular preparations based on calcium phosphate and barium sulphate. It is also 

interesting to notice that the density is very sensitive to small alterations in the 

composition. For instances, all the preparations in the second subgroup, where only 

the relative proportion between model drug and filler varied, gave results statistically 

different. This can be explained because the centre of design is a formulation which 

has a similar composition and so small differences could assume higher influence.

It can be seen in Figure 3.9 that the pellet density changes in the same pattern as the 

powder density for the more insoluble drugs (ibuprofen and paracetamol). For the 

median soluble drugs (propranolol and ephedrine) although the powder density is 

lower, the pellet density slightly increased which can be attributed to a higher level of 

water used and the formation of a more compact structure. However, pellets obtained 

with sodium salycilate, despite the high powder density, showed a low pellet density, 

probably due to a porous structure. The densities of pellets obtained when the 

concentration of the model drug is changed (Figure 3.10), decreasing as the amount of
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the model filler increases, the resultant pellets are less dense than the correspondent 

powder. However the preparation without lactose (PLA: 5:0:5) shows a sharp 

decrease in the pellet density which can reveal a less compact structure. This should 

be addressed to the absence of the filler and not to the increase of the drug content.

Table 3.10 Effect of the formulation on the density of pellets

Variable Formulation Mean
(g/cm ^

STD
(10-3)

F values

PLA 2:3:5 1.45 1.9

ILA 2:3:5 1.42 2.0 127.40***

Drug type PaLA 2:3:5 1.42 1.7 127.40***

ELA 2:3:5 1.46 1.1 14.16*

SLA 2:3:5 1.45 2.1 1.00

PLA 0.5:4 5:5.0 1.53 6.6 905.97***

PLA 1:4:5 1.50 2.2 353.89***

Drug level PLA 3:2:5 1.43 0.4 56.62***

PLA 4:1:5 1.39 2.0 509.61***

PLA 5:0:5 1.33 1.5 2038.43***

PGA 2:3:5 1.39 1.6 509.61***

Filler level (+) PMA 2:3:5 1.36 4.1 1146.62**

PCA 2:3:5 1.75 5.1 12740.2***

PBA 2:3:5 1.80 1.3 17340.8***

PGA 0.5:45:5.0 1.49 2.0 226.49***

Filler level (-) PMA 0.5:4 5:5.0 1.35 3.1 1415.58***

PCA 0.5:4 5:5.0 2.00 5.8 42821.2***

PBA 0.5:45:5.0 2.15 4.2 69363.3***

Variance between classes: 0,1624; variance within classes: 1.059.10 ^;lst degree of freedom: 17; 2nd 

degree of freedom: 3 6 fG  (1) - 1; FG(2) - 4  *p ^ 0.05; ***p ^ 0.001
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Figure 3.9 Comparative densities of the powder mixtures (#) and corresponding 

pellets (o); a) different drugs
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Figure 3.10 Comparative densities of the powder mixtures (•) and corresponding 

pellets (o) for different ratios propranolol:lactose
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For pellets obtained with different fillers, in the higher and lower proportion (Figure 

3.11 and 3.12, respectively) it can be seen that they are less dense than the 

corresponding powder mixture. This difference is more marked for pellets obtained 

with insoluble fillers which can be explained due to the smaller extent of the water 

movement inside the mass.
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Figure 3.11 Comparative densities of the powder mixtures (•) and corresponding 
pellets (o): c) lower filler level
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Figure 3.12 Comparative densities of the powder mixtures (•) and corresponding 

pellets (o): d) higher filler level
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3.4.7 Porosity

The porosity of uncoated pellets is an important charaeteristie which can influence the 

drug release profile in different manners. One of them is related to the capacity of film
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adhesion to the surface of oral solid dosage forms. Rowe (1978) found a direct 

relationship between the arithmetic mean roughness of tablets and their porosity. This 

was considered an important result since it correlates the porosity, which can easily be 

calculated from the powder and the dosage form density values, with a complex 

surface characteristic such as roughness. As this author concluded, the adhesion of the 

film is dependent on its thickness which obviously will have influence on the drug 

release. Another possible influence of the porosity on the drug release is related to the 

capacity of the drug to "percolate" inside the pellet structure. The number of pathways 

present in an insoluble structure depends on its porosity (Stauffer, 1985) and it was 

assumed that for every powder system the pore network may be considered as one of 

the components (Luginbuhl and Leuenberger, 1994).

The values of the porosity (e) of the pellets obtained with the different formulations, 

calculated according to the equation 3.2, are presented in Table 3.11

e = l_ density of pellets Equation 3.2

density of powder

As shown on Figure 3.13 the porosity of the pellets cannot be directely related to the 

drug solubility. Although the values obtained with the median soluble drugs 

(paracetamol, propranolol and ephedrine) seem to decrease as the solubility increases, 

pellets produced with the more insoluble and the more soluble drugs (ibuprofen and 

sodium salycilate) appear out of this order. This cannot be related to the amount of 

water required to produce these pellets where eventually a higher amount could have 

been related to a higher porosity. In fact the opposite effect was noticed since the 

formulation SLA 2:3:5 which required the lower level of water presents a higher 

porosity while preparation ILA 2:3:5, which required the lowest level of water 

presents the lower porosity.
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Table 3.11 Effect of the formulation on the porosity of pellets

Variable Formulation
Powder density

(g/cm )̂
Pellets density

(g/cm^
Porosity
(10-3)

PLA 2:3:5 1.48 1.45 26

ILA 2:3:5 1.46 1.42 33

Drug type PaLA 2:3:5 1.50 1.42 51

ELA 2:3:5 1.48 1.46 16

SLA 2:3:5 1.55 1.45 69

PLA 0.5:4.5:50 1.53 1.53 5

PLA 1:4:5 1.52 1.50 14

Drug level PLA 3:2:5 1.45 1.43 17

PLA 4:1:5 1.40 1.39 23

PLA 5:0:5 1.39 1.33 43

PGA 2:3:5 1.48 1.39 60

Filler level (+) PMA 2:3:5 1.38 1.36 15

PCA 2:3:5 1.98 1.75 117

PBA 2:3:5 233 1.80 228

PGA 0 5:4.5:5.0 1.52 1.49 22

Filler level (-) PMA 0 5:4.5:5.0 1.38 1.35 22

PCA 0 5:4.5:5.0 2.28 2.00 123

PBA 0.5:45:5.0 2.80 2.15 232

Figure 3.13 Porosity of pellets obtained from formulations of Group I (different 

drug solubility)
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The analysis of the porosity values of pellets obtained with the same drug and filler at 

different proportions (Figure 3.14) shows an interesting relationship to the 

concentration of the drug. The porosity increased successively as the propranolol 

concentration increased with a high peak register at 20% and then started to decrease 

as the concentration continued increasing. The result obtained with the preparation 

PLA 5:0:5 does not conform to this pattern. This is probably due to the formulation of 

these pellets, since the filler (lactose) is not present.

Figure 3.14 Porosity of pellets obtained from formulations of Group II (different 

ratio drugrfiller).

0.05 -I

0  0 4 -

0.03 -

2
0.02  -

0.01  -

5 03 0 4 00 10 20
Concentration o f  propranolol (%)

The values of the porosity of pellets obtained with the same drug (propranolol) 

combined with different fillers at a low and a high level, are presented in Figures 3.15 

and 3.16, respectively. As both curves show the same pattern it can be concluded that 

the influencial factor on the porosity is the type of filler and not its concentration. As 

the filler solubility increases the porosity of the pellets decreases. The values obtained 

with glucose in both concentrations (20 and 45%) clearly indicate a more porous 

structure when compared with the other soluble fillers (lactose and mannitol).
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Figure 3.15 Porosity of pellets obtained from formulations of Group III 

(different fillers at a low level).
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Figure 3.16 Porosity of pellets obtained from formulations of Group III 

(different fillers at a high level).
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The values of porosity suggest that pellets obtained with the different formulations 

have different structures as can be seen in Figure 3.17 (a,b): PMA 2:3:5; (c,d): PCA 

2:3:5 and (e,f): PLA 2:3:5.
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Figure 3.17 SEM of the structure of pellets obtained from preparations PAM 

2:3:5 (a,b); FAC 2:3:5 (c,d) and PAL 2:3:5 (e,f)
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3.4.8 Pellet mechanical strength

The mechanical strength of pellets or their resistance to a diametrical crushing force is 

one of the physical characteristics most affected either by the formulation variables or 

the technological parameters.

Among the formulation variables the aqueous solubility of excipients could have a 

significant effect on the crushing strength. For pellets containing a freely water- 

soluble excipient it is not unreasonable to anticipate that the presence of solute 

molecules of this component which could dissolve in the aqueous granulating fluid 

during the wet mass stage could induce changes in mechanical strength. Water 

removal from these pellets during the drying following spheronization of the mass 

could then lead to the formation of solid bridges within the spheres, by fusion at the 

points of contact of the primary powder particles. This will result in a greater degree 

of bonding and hence the formation of pellets of greater strength (Aulton et al., 1994). 

When mixtures are massed with other liquids such as ethanol/water mixtures, pellets 

became stronger and harder as the mole fraction of water increased in the 

ethanol/water mixture used to granulate (Millili and Schwartz, 1990). Also the 

drugiexcipient ratio influences the mechanical properties of pellets resulting in 

different crushing strength and elastic modulus of uncoated spheres. As noted by 

Aulton et al. (1994), an increase in the elastic modulus resulted from a decrease in 

drug content (ibuprofen), i.e., as the drug is replaced by MCC.

On the other hand the technological parameters involved during the process can 

determine different strengths of the resulting pellets. For instances the greater the 

spheronizer load the harder the granules as a result of an increase of inter granular 

contact (and thus inter granular pressure) as loads increase (Barrau et al., 1993). An 

increase in the spheronizer speed led to an increase in the hardness (Bataille et al., 

1993).
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Ligarski et al. (1991) have also shown a linear relationship between the size of the 

granules and the hardness. This can be explained by the mechanism of the 

spheronization. As a first step, the extrudate is broken by the plate followed by a 

rotational spiral movement, under the action of the centrifuge force and their own 

weight. The centrifuge force responsible for the movement of the spheroids can be 

defined by the Newton's law; it corresponds to one force according to the 

following equation:

Fc= mV^ = m(Wr)^ Equation 3.3

r r

where m = weight of the pellets (kg), V the speed of spheronizer plate (rotation/min), 

r the radius of the pellets and Wr the angular speed (radian/s)

The variation of these parameters leads to a modification of the force, resulting in a 

fluctuation of the inter particular linkage forces. This leads to pellets with different 

strength which is strongly correlated with the centrifugal force (Ligarski et al., 1991). 

The results show that the weight and the spheronizer speed interfere with the 

centrifugal force

The values of the mechanical strength of the pellets obtained with the different 

formulations, expressed in N, are shown on Table 3.12. This analysis was carried out 

using pellets within the size 1.0 to 1.4 mm diameter.

The strength of the pellets obtained with the different preparations varied considerably 

and in a complex way. However, a relationship between this physical characteristic 

and the values of porosity can be achieved. For pellets obtained with insoluble drugs 

it can be seen (Figure 3.18) that, as expected, the mechanical strength decreases when 

the porosity increases. Conversely, when soluble drugs are present, both mechanical 

strength and porosity vary in the same way and when a very soluble drug (sodium 

salicylate) is present both the porosity and mechanical strength increased
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considerably. This only can be explained with structural differences. The water 

required for extrusion, can to some extent, dissolve the drug and new strong bonds are 

formed after drying. This is in accordance with the mechanism proposed by Chow and 

Leung (1996) to explain the agglomeration of wet powders.

Table 3.12 Effect of the formulation on the mechanical strength of pellets

Variable Formulation Mean Crushing 
force (N)

STD F values

PLA 2:3:5 1.06 0.14
ILA 2:3:5 0.55 0.09 105.53***

Drug type PaLA 2:3:5 1.31 0.18 25.40***
ELA 2:3:5 0.93 0.10 6.50*
SLA 2:3:5 1.36 0.19 37.66***

PLA 0.5:4.5:5.0 1.27 0.18 18.65***
PLA 1:4:5 1.27 0.23 2.81

Drug level PLA 3:2:5 0.98 0.16 18.91***
PLA 4:1:5 0.93 0.19 6.40*
PLA 5:0:5 0.91 0.16 9.05**

PGA 2:3:5 0.70 0.12 54.12***
Filler level (+) PMA 2:3:5 0.80 0.12 28.35***

PCA 2:3:5 0.75 0.09 39.69***
PBA 2:3:5 0.68 0.17 60.42***

PGA 0.5:4.5:5.0 0.94 0.13 6.00*
Filler level (-) PMA 0.5:4.5:5.0 1.12 0.17 1.46

PCA 0.5:45:5.0 0.63 0.18 76.71***
PBA 0.5:45:5.0 0.80 0.12 28.35***

Variance between classes: 1.21; variance within classes: 0.024; 1st degree of freedom: 17; 2nd degree 
of freedom: 342; *p< 0,05, **p< 0,01; ***p< 0,001

On the other hand, the mechanical strength of pellets produced with the same model 

drug but with different ratios of filler could not be explained by alterations in the 

solubility of the components. In this group of preparations the model drug was 

successively replaced with the model filler which is more soluble and this does not
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appear to have any inOuence. However as shown on Figure 3.19, with the decrease in 

the density of the resultant pellets, the mechanical strength decreases.

Figure 3.18 Porosity (•) and mechanical strength (o) o f pellets obtained with 

different drugs, according to their solubility
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Figure 3.19 Analysis of the pellet density (o) versus mechanical strength (•)  for  

preparations obtained with different drug/filler ratios
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In order to analyse the role of the excipients on this variable as well as the possible 

interaction of their type and level, analysis of variance was carried out and 

simultaneous pair comparison performed for the higher and lower level of each of the 

5 fillers. Table 3.13 gave the results of ANOVA.
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Table 3.13 Influence of the independent variables filler type and filler level on 

the mechanical strength of pellets

Variable SS DF F values

Filler type (T) 5.581 4 99.40+++
Filler level (L) 1.038 1 73.96+++

T/L 1.279 4 22.79+++
T/L filler type and filler level interaction; DF: degrees of freedom; SS: sum of squares; degree of 
freedom for variance within the group: 199; degree of freedom for total variance: 190; +++ p ^ 0.001

Figure 3.20a shows the influence of the filler type, according to its solubility, on the 

mechanical strength of pellets. Type 1 (glucose) gave the strongest pellets while 

calcium phosphate (type 4) gave the weakest pellets but no linear relationship can be 

drawn between solubility and mechanical strength. This property seems to be more 

related to the type of filler and perhaps to the structural changes in the core of the 

pellet. On the other hand, Figure 3.20b reveals that pellets produced with higher filler 

levels (Conc.2) are stronger than the correspondents obtained with the lower levels 

(conc.l).

Figure 3.20a Mechanical strength of pellets (N) produced with different fillers.
Type
1 ' CH] '

3   C E

0 .7 0  1 .4 0
Strenl.

Type: 1 - glucose; 2 - mannitol; 3 - lactose; 4  - calcium phosphate; 5 - barium sulphate. The central hne 

of the box marks the median while the outer edges mark the first and third quartiles.
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Figure 3.20b Influence of the amount of filler on the mechanical strength of

pellets.
Cone
1   1 + I-----------•*

J — J

H— Strenl.
0.50 1.00 1.50

Cone 1: lower level of filler (30% w/w); Cone 2; higher level of filler (45% w/w). The central line of 

the box marks the median while the outer edges mark the first and third quartiles. * outlier.

3.4.9 Specific surface area

The principle of sorption methods is based on the fact that the amount of a gas 

adsorbed on an interface under specified conditions is proportional to the interfacial 

area. Using gas adsorption the quantity necessary for monolayer coverage is 

determined by measuring the change in pressure.

The most commonly used sorption method is gas adsorption evaluated using the 

adsorption isotherm derived by Brunauer, Emmet and Teller (BET) using simplified 

assumptions; this isotherm gives the amount Ug of gas adsorbed relative to the 

monolayer amount nm as a function of:

(a) the gas pressure p divided by the saturation vapour pressure ps, and

(b) a constant Cae that depends on the adsorption energy. The expression for this 

function is

ng/nm = CaeX [(1 - x) (1 - x + CaeX)]‘l

where x = p/ps. The BET equation has generally been found to be very useful for the 

physical adsorption in the pressure range 0.05 < p/ps < 0.35.

If just the specific surface but not the pore size distribution has to be determined from 

the sorption measurements, it is usually satisfactory to determine just a single point 

near the upper limit of validity of the BET isotherm. Since the constant Cae is
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generally much greater than unity (in most cases Cae > 100), 1 - p/ps can be neglected 

compared with cp/ps, and the BET adsorption isotherm is reduced to the relation 

(Rumpf, 1990)

nm = ng (1 - p/ps)

As the role of the fillers appears to significantly modify the physical characteristics of 

pellets it might be important to analyse their influence on the microstructure of the 

pellets. Preparations made with the higher level of different fillers were chosen for 

specific surface analysis by krypton adsorption. Results are presented on Table 3.14.

Table 3.14 Values of determined specific surface area (mVg) in different 

formulations

Formulation surface area (mVg)

PGA 0.5:45:5.0 0.14

PMA 0.5:45:5.0 0.92

PLA 0.5:45:5.0 0.92

PCA 0.5:45:5.0 12.9

PBA 0.5:45:5.0 2.60

As the only change in the formulations above is the type of filler used, it is reasonable 

to accept that there is a relationship between their solubility, or in other words, the 

amount of water required to successful perform the extrusion process and the specific 

surface area determined. Figure 3.21 shows how the solubility of the fillers influences 

the amount of water required for extrusion and the specific area of the resultant 

pellets.

When the same drug and filler were used, using different ratios, it is also interesting to 

analyse the way in which the specific area values vary, the mechanical strength and 

the porosity (Figure 3.22). In this group of preparations the solubility does not have 

any influence probably due to the small differences between the amount of water 

required to obtain pellets in each of these formulations.
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Figure 3.21 Influence of the solubility of the fillers on the amount of water (•) 

used to obtain the wet mass and the specific surface area (o) of the resultant 

pellets.
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Figure 3.22 Analysis of the specific surface area ( a ), mechanical strength (•) and 

porosity (o) of pellets obtained with the same drug and filler at différent 

combinations.
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As the water required to successfully carry out the extrusion seems to have an effect 

on the specific surface area, this parameter was analysed taking one formulation in 

which the amount of water was tried in three different values. The results, shown in 

Table 3.15 clearly demonstrate that when the amount of water increases so does the 

specific area.
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Table 3.15 Relationship between the amount of water (parts) used to produce 
pellets from PBA 1:9:10 and the specific surface area (m^/g) of the resultant 
pellets

Formulation Water level(l) Specific surface area

PBA 0.5:45:5.0 35.06 1.46

PBA 0.5:45:5.0 35.89 2.58

PBA 0.5:45:5.0 36.70 2.98

expressed in percent of the total wet mass

3.4.10 Surface appearance

Pellets are by definition small particles with a high degree of sphericity and a smooth 

surface. As the uncoated pellets do not represent the end product, since they are 

usually submitted to further processing such as coating, the quality of the surface is of 

paramount importance when a homogeneous film coating is required. The shape 

factor already discussed above gives information about the roughness of the surface. 

However, a common way to analyse this feature is the scanning electron micro graphs 

(SEM). With this technique it is not only possible to judge the surface in terms of 

smoothness but also to examine the internal structure of the pellets. Althought the 

interference of pellet structure in the dissolution behaviour will be discussed in 

another Chapter it is important to verify how some formulations and technological 

variables could lead to a different pellet microstructure.

The SEM in Figure 3.23 show the surface of pellets produced from formulation ILA 

2:3:5 (a,b), SLA 2:3:5 (c,d) and PLA (e,f). Although they look similar, with higher 

magnification differences in the microstructure were revealed.

3.4.11 Drug content

All the batches were analysed for drug content according to the methods described in 

Chapter 2. In all the cases nearly 100% (± 5%) of the drug was measured.
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3.5 General discussion

3.5.1 Canonical analysis

The ANOVA performed using the results from the characterisation of uncoated pellets 

shows that there are statistical differences between preparations. However, it only 

qualified the significance of the differences between each preparation and the centre 

of the design. It seems therefore interesting to quantify the differences shown. To 

qualify and quantify each effect, a statistical test procedure is required, which is able 

to detect single and cross effects in a multivariate data analysis. Such a method is 

described by Podczeck et al. (1993) in the form of canonical analysis which can be 

used to explain the relationship between two sets of variables: one representing the 

influencing factors or the independent variables, X, and the other being the results or 

the dependent variables, Y.

Although these variables are supposed to be dependent on each other it is impossible 

to use a simple determination procedure to establish to which degree there is a 

significance due to the complexity and number of the results. Using canonical 

analysis, the significance of the relationship between X and Y can be calculated using 

the Wilks test A (multivariate test of significance). The A-value indicates a global 

interdependence between the influencing (X) and the dependent (Y) variables. 

Commonly, A will be approximated onto the F distribution through which it is 

possible to identify a first and second degree of freedom (fj and f^) as well as the 

probability (p) for the test criterion.

3.5.2 Canonical analysis for uncoated pellets

The independent variables considered were the drug solubility and level and the filler 

solubility and level. The dependent variables considered were the extrusion force
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(kN), the reproducibility of the pellet size, perimeter, shape factor, aspect ratio, 

density, porosity and strength that gave the results shown in the text (dependent 

variables). The Wilks test values (A = 0.0011; F approx. = 4.00 (f^ = 32; fj = 24); p <

0.001) confirm a significant interdependence.

3.5.2.1 Interranging conmiunalities d

These values (Table 3.16) describe the variance of one variable which can be 

explained by the variance of the other range of variables:

Table 3.16. d-values and their significance levels for the range of variables 

assessed by canonical analysis

variables d value significance level

^  force 0.460 n.s.

dsize 0.791 p <  0.001

d 'Vipenm. 0.233 n.s.
12

11 shape 0.193 n.s.

d L 0.177 n.s.

ddens 0.572 p = 0.019
J2
11 poros 0.480 (p = 0.059) n.s.
dstren. 0.419 n.s.

The d-values indicate that for pellet size, density and in a limited way for porosity a 

stronger relationship with the influence variables exists, whereas the other pellet 

properties do not or only partly depend on the influence factors chosen.
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3.5.2.2 Measures of redundance g

These values can explain which part of the whole variance of one range can be 

explained by the canonical variables of the other set of variables. It means that they 

indicate to which extent the one set of variables can be predicted by the second set of 

variables. The g-values indicate that a prediction is possible only with large 

limitations:

gviu-46.32%; 34.61%

The lower level obtained (36,41%) can signify that the dependent variables must have 

been influenced by some other factors which were not studied.

3.5.2.3 Significant influence factors

In a final step, the canonical analysis provides a list of significant influence factors for 

each dependent variable. These results have, however, to be discussed in relation to 

the d-values listed in Table 3.16.

1. Extrusion force: canonical analysis indicated that the filler solubility is the only 

influence factor for this variable (p = 0.009). The small d-value is a sign that other 

variables should be considered which are currently unknown. Actually the behaviour 

of the different fillers during the extrusion process varied according to their water 

solubility. Preparations with glucose, either in the lower or upper level tended to stick 

to the internal barrel wall, making it difficult for the wet mass to flow easily. This is 

not related only to the solubility but also perhaps to the way the water is distributed 

inside the powder mass. On the contrary, with insoluble fillers, the wet mass becomes 

smooth and the extrudate flows easily through the die. With these fillers small
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variations in the water content do not have the drastic effect as observed with very 

soluble fillers, and the behaviour of the wet mass is more constant. For median 

soluble fillers (lactose) the way the water is held inside the mass is different from the 

former two groups. The movement of the water was evident and part of the lactose 

was dissolved during the extrusion. The dragging of the soluble components leads to 

different wet phases within the same batch. While the first portion is highly wet the 

plug is dry. The graphs of extrusion force obtained with these preparations showed 

rough portions of the curve as well as a sudden increases in the pressure by the end of 

the process.

2. Yield of the selected fraction size: The reproducibility on obtaining the optimal size 

of spheres was influenced by the drug solubility (p < 0.001) and filler solubility (p = 

0.015). This is probably due to the critical level of water required to obtain the wet 

mass when highly soluble drugs or fillers are present. For these, small differences in 

the total amount of water can signify a good yield or the loss of the batch. The 

difference between the amount of water required when insoluble and soluble materials 

(drugs or fillers) are present, is not only important in absolute terms but also in the 

correct calculation. As shown in Figure 3.2 (Chapter 3) the pellet size increased as the 

amount of water also increased. However if compared (Table 3.1c)) to the size of 

pellets made from PBA 2:3:5 with those obtained from preparation PGA 2:3:5, the 

same relative difference in water content provided high differences in the median 

pellet size. The same behaviour is expected when drugs with different solubility are 

used. The results obtained with SLA 2:3:5 in comparison with those obtained with 

ILA 2:3:5 followed the same "rule".

3. Perimeter. From the results it can be concluded that the solubility of the materials 

does not have influence on the perimeter as far as the selected fraction is considered. 

It means that within the same fraction (in this case pellets with diameter between 1.0 

and 1.4 mm). Other variables such as spheronization time or speed need to be
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considered in further studies. However the lowest p-value was obtained when the 

filler level is considered. This is probably due to the preparations prepared without 

filler (level 0) that already showed problematic behaviour.

4. Aspect ratio: This variable is not influenced by the material solubility of either 

drugs or fillers. The lowest p-value was found for the drug level as independent 

variable and was probably due to the behaviour of the preparation PLA 5:0:5 which 

corresponds to the highest level of drug tried.

5. Shape factor: As with the aspect ratio and perimeter, the shape factor was not 

influenced by any of the independent variables studied.

6. Density: the influence of drug level (p = 0.034) and filler level (p = 0.013) on this 

variable can be explained by the difference observed in the density of the raw 

materials. As shown in Table 3.10 (Chapter 3), while the level of propranolol 

increased the density of resultant pellets decreased with statistical significance. The 

results obtained with high density fillers when used in a lower or higher level 

explained the statistical differences observed. Furthermore, it is interesting that a 

statistical significance can be observed for the filler solubility as an independent 

variable (p = 0.017). One possible explanation lies in the compact structure obtained 

with pellets made with mannitol which was proved by SEM. Although the density of 

pellets followed the density of the corresponding powders (Figures 3.11 and 3.12) the 

values are closer for low density fillers (glucose, mannitol and lactose) than those 

with high density (calcium phosphate and barium sulphate).

7. Porosity: the results showed the statistical difference caused by the drug level (p =

0.013) and filler solubility (p = 0.046). Apparently no significant relationship can be 

established (compare d-values) which is certainly due to erroneous values. Actually
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this variable was not determined but calculated from the values of powder and pellet 

density which reveals poor fidelity.

8. Mechanical strength: The drug level is the independent variable with statistical 

influence (p = 0.037) on the strength of pellets. This is probably due to the behaviour 

of the second group of preparations (Group II) where the ratio drug:filler was 

changed. The similarity in the materials involved (propranolol and lactose) justifies 

that only the drug level has statistical importance.

3.5.2 4 Multiple regression analysis

From the quantitative analysis of the degree of influence of each independent variable 

it is possible to predict their behaviour when processed in these type of preparations. 

To achieve this a multiple regression analysis was performed based on the suggestions 

of the canonical analysis. As the groups of variables are independent of each other it 

is possible to calculate the best equation which relates them. Of course this is only 

possible in the cases where a statistically significant relationship was observed.

3.5.2 5 Calculation of the regression equations

1. Extrusion force: the influence of the filler solubility on this variable can be 

described by a logarithmic equation as follows:

Extrusion force = 0.350 x In (filler solubility) + 9.384

which is characterized by F = 11.58, p = 0.004 and a root mean square (RMS) = 

18.28%. From this equation it can be seen that, because there is a logarithmic 

relationship, a small increase in the filler solubility can signify a high increase in the
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extrusion force for very soluble fillers, while for practically insoluble fillers only 

small differences are found, which are not significant.

2. Fraction size: the best equation obtained corresponds to a linear relationship given 

by:

Fraction size = - 0.0099 x filler solubility - 0.0303 x drug solubility + 90.8671

with F = 21.48, p = 0.001 and a RMS of 5.22%. From this equation it is obvious that 

an increase in the filler solubility leads to a reduction in the yield obtained for the 

selected pellet fraction size. The same will happen when the filler solubility increases. 

The low value of RMS obtained indicates a strong relationship between these 

variables.

3. Density: the multiple regression equation obtained for this variable is:

density = 0.0095 x filler level - 0.0004 x filler solubility + 0.0063 x drug level + 1.109

where F = 6.23, p = 0.007 and RMS = 9.91%. This provides a linear relationship and 

shows that if the filler or drug level increases an increase in pellet density can be 

expected. On the contrary the pellet density will decrease if the filler solubility 

decreases.

4. Porosity: the equation which relates the independent factors with this variable can 

be written as follows:

porosity = 0.0005 x (filler solubility) ! + 0.0004 x drug level + 0.0204
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which presents an F = 81.95, p < 0.001 and RMS of 32.58%. Although there is a 

significant slope, the high RMS obtained shows a high degree of uncertainty in this 

relationship. The assumption that an increase in the drug level leads to an increase in 

the porosity value while an increase on the filler solubility has an opposite effect 

provides some information about the effect of these independent variables. However, 

it should be pointed out that the results were taken by calculation and not by 

experimental means, which can cause additional misinterpretation.

5. Strength: the prediction of the pellets' strength can be undertaken by the linear 

relationship as follow:

strength = -0.0937 x (drug l e v e l )  1̂ 2 1.4804

where F = 9.00, p = 0.008 and RMS = 21.34%. From the equation shown it can be 

assumed that an increase in the drug level signifies a decrease in the resultant strength 

of pellets. The effect is less pronounced for low drug loading (square root 

relationship).
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Figure 3.23. SEM of the surface of pellets produced from formulation ILA 2:3:5 

(a,b), SLA 2:3:5 (c,d) and PAL (e,f).
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3.6 Conclusions

The production of pellets with good physical characteristics depends basically on the 

properties of the materials used and the success of the process can be classified as 

formulation dependent. One of the most critical variables is the amount of water 

incorporated into the formulation. It not only interacts with the particle size but also 

can imply structural modifications. The appropriate amount depends largely on the 

solubility of both fillers and drugs. However it seems to be more critical when the 

solubility of those components increases. The extrusion force recorded during the 

extrusion process gives an important estimation of whether the formulation will or 

will not be successful. However, when a correct formulation was established the 

extrusion force, or the resistance of the material to flow, was found to be similar for 

all the preparations analysed. Whatever the solubility of the components and 

consequently the amount of water used, statistical difference between the extrusion 

force values only occurred when the formulation tended to be problematic. The 

residual moisture in the pellets after the drying process was more related to the type of 

components used than to their solubility.

The sphericity of the pellets, judged in terms of their aspect ratio and shape factor 

values also depends on the solubility of the materials used and in some extreme cases 

it was not possible to produce pellets with a minimum value that would allow further 

coating. However, if the correct proportions of the different components is achieved 

these values seem to be constant, at least within narrow ranges. The results obtained 

suggested that ideal proportions of drug/filler exist which should be calculated for 

each different case.

The density of the pellets produced by extrusion/spheronization, using a ram extruder, 

was only related to the density of the materials used. The calculated porosity seems to 

be also related to the amount of water used. As the porosity is an indication of the 

structure of the pellets, it was also expected that similar interference occurred in the 

mechanical strength. This assumption was valid for some formulations but
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surprisingly some batches gave higher porosities and simultaneously higher 

mechanical strength values. This can be associated with the type and amount of filler 

used rather than its solubility. Pellets produced either with insoluble (barium sulphate) 

or soluble (mannitol) fillers have mechanical strength significantly different from the 

pellets obtained with the most soluble filler (glucose). This can be explained by the 

strong cohesive bonds established between the filler particles (glucose) or drug 

(sodium salicylate) after their partial solubilization.

The measurement of the specific surface area, that has a well documented influence 

on drug release, gave interesting results. When different fillers were used this variable 

changed with the amount of water used i.e., with the solubility of these components. It 

was also seen that, if the same dry ingredients were used, increasing the amount of 

water can double the specific surface area of the pellets. However this assumption 

alone does not justify the huge difference between the specific surface area of pellets 

made with calcium phosphate and barium sulphate, as both are quite insoluble and 

have similar particle size. It appears that this is associated more with the way in which 

water moves inside the powder mass and the structures produced after the drying 

process. The SEM analysis clearly shows that the internal aspect of the pellets differ, 

but quantitative analysis is difficult from the photomicrographs.
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CHAPTER 4

IN VITRO DISSOLUTION STUDIES
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4.1. Introduction

Drug release from coated pellets is usually assumed to be diffusional process in which 

the drug passes through the membrane providing a release rate, in what is often 

considered an ideal situation, according to a zero-order kinetics. The objective of this 

chapter was to analyse the influence of the core formulation on the drug release 

profile as well as the changes induced by a polymeric membrane applied onto the 

surface of the pellets.

Dissolution tests, according to the USP paddle method, were carried out on uncoated 

and coated pellets and the dissolution profiles analysed in order to identify a possible 

mechanism responsible for the drug release. The independent-model parameters such 

as the mean dissolution time were also calculated. The relative dispersion coefficient, 

proposed by Voegele et al. (1988) was used as a discriminator between the different 

models. The release rate as a function of time was analysed according to well known 

release kinetic models (Voegele et al., 1988) or, where none fitted the data, the 

general equation proposed by Korsemeyer (1983) was applied.

This Chapter is divided in four parts. Part one reports the in vitro drug release 

obtained with uncoated pellets. In parts two and three the dissolution of drug from 

coated pellets, with 5 and 10% weight gain is analysed and possible mechanisms and 

kinetic models are considered. Finally Part four analyses the stability of the film coat 

and the influence of storage time on the dug release.

4.2. Experimental design

This Chapter will study the release profiles of coated pellets in relation to their 

physical characteristics discussed earlier in Chapter 3.

The uncoated pellets (Part I) chosen for coating belong to the formulations previously 

defined as the "best preparation". Pellets of the different groups will be classified as 

Group I, II, III or IV respectively when obtained from different drugs maintaining the
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proportion and type of fillers (I), drug filler ratio where the drug and filler type were 

kept constant but their relative amount changed (II) and upper and lower filler level 

where the model drug used was the same and different fillers were analysed in a low 

(III) and a higher level (IV). All the preparations were coated with ethylcellulose 

(Surelease E-7-7050) applied in a concentration that theoretically gives a weight gain 

of 5% (Part II) and 10% (Part III). The methodology followed here was based on the 

total amount of solids deposited (related to the concentration of the polymeric 

material in the coating suspension) onto the pellet surface and the value given as a 

percentage of the total weight gain after coating.

The analysis of the dissolution profiles represented by the area under the dissolution 

curve (AUC), mean dissolution time (MDT), the variation associated with the MDT 

(VDT) and the relative dispersion coefficient (RDC) was undertaken by comparison 

with the respective uncoated pellets. Statistical analysis has been undertaken to 

compare the different formulations with the performance of the formulation PLA 

2:3:5 that represents the centre of the design.

When the practical results show an RDC value closer to one of the specific kinetic 

models of drug release (zero-order, first order, square root or cube root) simulations of 

the theoretical curve were undertaken and compared with the practical values. To 

achieve this, the release rate constant K was calculated based in the equations shown 

on Table 1.3 and then, according to the model proposed, one of the equations 

(Equation 1.17 to equation 1.21) was applied to calculate the fractional drug released 

at each time t.

The coating process as well as the dissolution conditions were carried out as described 

in Chapter 2.
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4.3. Results and discussion

4.3.1 Part I - Uncoated pellets

Uncoated pellets were submitted to the same dissolution conditions as the coated 

pellets. As no film coat was applied, the objective was to analyse the influence of the 

drug solubility (Group I), the ratio filler:drug (Group II) and the solubility of different 

fillers when present at a lower level (Group III) or at a higher level (Group IV) on the 

drug release. The results obtained for each of the above groups will be discussed 

separately.

4.3.1.1 Group I

In this group, pellets were made with the different drugs selected for this study 

(ibuprofen, paracetamol, propranolol, ephedrine and sodium salicylate), the model 

filler (lactose) and Avicel in a ratio of 2:3:5. The amount of water was chosen for each 

preparation in order to obtain the "best formulation" as previously defined in Chapter

3. The preparations obtained will be designated as ILA 2:3:5, PaLA 2:3:5, PLA 2:3:5, 

ELA 2:3:5 and SLA 2:3:5, respectively.

Although the uncoated pellets were submitted to the same dissolution conditions as 

the coated pellets the assay ran for only two hours as 100% drug release has been 

reached within this period of time. The exception to this procedure was the 

preparation ILA 2:3:5 for which the dissolution test ran for 8 hours. Sample 

collections were taken at 15 min intervals. The other analytical conditions were 

maintained as described on Chapter 2. Uncoated pellets of all the preparations 

remained their integrity throughout the dissolution test and no apparent change in size 

was noticed.
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The values of the area under the dissolution profile curve (AUC), mean dissolution 

time (MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC), calculated according Voegele et al. (1988) are shown in Table 4.1

Table 4.1 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of ibuprofen, paracetamol, propranolol, ephedrine and sodium salycilate 

obtained from uncoated pellets of the formulation ILA, PaLA, PLA, ELA and 

SLA(l)

Preparation AUC (mgl~^.h) MDT (h) VDT (ĥ ) RDC

ILA 2:3:5 211.45 ± 1 .95  2.17 ± 0.02 3.83 ± 0 .10  0.81 ±0.01

PaLA 2:3:5 22.02 ± 0.08 0.22 ± 0.0 0.05 ± 0 .0  0.97 ±0.02

PLA 2:3:5 24.4 ± 0.08 0.24 ±0.03 0.05 ± 0 .0  1.08 ±0.11

ELA 2:3:5 15.75 ± 1.28 0.16 ±0.01 0.02 ±0.01 0.68 ±0.27

SLA 2:3:5______ 13.02 ± 0 .19  0.13 ± 0 .0  0.01 ± 0 .0  0.07 ±0.01

(i) Results are the mean and standard deviation of six replicates

From the results shown above it can be seen that the drug release was almost 

instantaneous. The mean dissolution time for these preparations was in all the cases 

lower than 0.5 h. The exception is the formulation ILA 2:3:5 with a MDT of 2.17 h 

which is clearly related to the low water solubility of the drug present (ibuprofen). 

According to Dyer et al. (1995) the mechanisms of drug release from uncoated pellets 

where the drug is mixed with an insoluble excipient such as Avicel that allows the 

pellet to maintain its shape, can be analysed in two ways: firstly by extraction of the 

drug by a simple diffusional process through the homogeneous matrix and secondly 

leaching of the drug by the solvent phase, which is able to enter the drug matrix 

through pores, cracks and intragranular spaces. However these authors assumed that 

whichever drug release mechanism predominates for coated pellets, drug release from
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uncoated pellets is diffusion controlled and exhibits first-order kinetics. From the 

results above it seems that even when the drug release is too fast, a trend to a different 

behaviour is already shown and all of the 5 drugs exhibited a different type of 

kinetics. While the release pattern for the lowest water soluble drug (ILA 2:3:5) 

showed a close relation with Higuchi s model (the amount of drug released being a 

function of the square root of time), the median soluble drugs (paracetamol and 

propranolol) showed a first order release. One the other hand, while ephedrine showed 

a non-Fickian behaviour, it was impossible to define a mechanism for sodium 

salycilate due to the quasi instantaneous release of this drug. It would be necessary to 

determine drug release at time intervals shorter than those tested to provide better 

quantification for these rapidly dissolving drugs.

The Figure 4 .1 shows the amount of drug release (%) as a function of time (hours).

Figure 4.1 Release profiles of ( a ) ibuprofen, (+) paracetamol, (o) propranolol, ( a )  

ephedrine and (x) sodium salycilate from uncoated pellets.^)

1 0 0 -

M
3ImQ

640

(^)Preparations were based on drug (20%), lactose (30%) and Avicel PH 101 (50%)

In an attempt to confirm the proposed model for the release of ibuprofen (ILA 2:3:5), 

the release constant K was calculated according to the equation K% = I/(3.MDT)^^^. 

The fractional drug release at each time t, was then calculated according to the 

equation defined for this specific model as follows:

Mt/Mo = K%tl/2
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The values obtained applying this equation as well as the practical results were plotted 

as a function of time (Figure 4.2) to demonstrate the validity of the proposed 

mechanism. As can be seen the practical and simulated results gave very close curves 

which confirm that ibuprofen was released from uncoated pellets by a diffusional 

mechanism governed by the Higuchi square root law kinetic.

Figure 4.2 Comparison of the dissolution profile of ibuprofen from (a) uncoated 

pellets produced with preparation ILA 2:3:5 and the (o) simulation curve 

calculated according to the square root model kinetic(^).
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(^Simulation has been carried out by calculation of the release constant, K2 and application of the 

specific equation lor the proposal release mechanism as explained in the text.

For the preparations PaLA and PLA, as both seem to follow the first order release, the 

constant K was calculated based on the equation

Ki = 1/MDT

and the amount of drug release at each time t applying the equation

Mt/MO= 1

The simulated curves obtained confirm the results found in practice as can be seen in 

Figures 4.3 and 4.4. However while with paracetamol both curves (practical and 

simulated) followed the same pattern, with propranolol it can be seen that the first 

practical result (obtained at 15 min collection) is slightly lower than the corresponding
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theoretical value. The explanation can be found in the fact that the curves were drawn 

using the average values, and it is possible to find lower or higher results with pellets 

belonging to the same batch. The standard deviation for this case (0.11) confirms this 

assumption.

Figure 4.3 Comparison of the dissolution profile of paracetamol from ( a )  

uncoated pellets produced with preparation PaLA 2:3:5 and the (o) simulation 
curve calculated according to the first order release kinetic(0

100 -

€
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(^Simulation has been carried out by calculation of the release constant, K, and application of the 
specific equation for the proposal release mechanism as explained in the text.

Figure 4.4 Comparison of the dissolution profile of propranolol from ( a )  

uncoated pellets of preparation FLA 2:3:5 and the (o) simulation curves 
calculated according to the first order release kinetic(^)

100 -

9 0  -

6 0
1 .5  t im e  (h)  20 . 5 10

(^)Simulation has been carried out by calculation of the release constant, Kj and application of the 
specific equation for the proposal release mechanism as explained in the text.
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The values of constant release (mg%/h), K calculated applying the Korsemeyer 

general equation are as follows: ibuprofen (0.395), paracetamol (1.114), propranolol 

(1.141), ephedrine (1.463) and sodium salycilate (2.02). Figure 4.5 shows the relation 

between the K values obtained from uncoated pellets and the solubility of the drugs.

Figure 4.5 Values of release constant (K) of ibuprofen, paracetamol, propranolol, 

ephedrine and sodium salycilate calculated from uncoated pellets obtained with 

the formulations ILA 2:3:5, PaLA 2:3:5, PLA 2:3:5, ELA 2:3:5 and SLA 2:3:5.
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4.3.1.2 Group II

In this group, the same model drug, propranolol was combined at different levels with 

the model filler lactose. The resultant preparations will be identified as PLA 

0.5:4.5:5.0, PLA 1:4:5, PLA 2:3:5, PLA 3:2:5, PLA 4:1:5 and PLA 5:0:5 as the 

concentration of the drug present is 5, 10, 20, 30, 40 or 50%. The objective was to 

analyse the influence of the pellet drug load on the release profile from uncoated 

pellets.

The amount of drug released in the first sample collection (15 min.) seems to be 

influenced by the total drug amount present in the dosage form (Figure 4.6). However, 

after this first moment the release pattern was almost the same for all the formulations 

studied and more than 90% of the drug was recovered at the second sample collection 

(30 min).
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Figure 4.6 Release profile of propranolol from uncoated pellets formulated, when 

present at (+) 5%, (o) 10%, (•) 20%, ( a )  30%, (x) 40% and (v) 50% of the total 

pellet weight.
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These results were confirmed by determination of the dissolution statistical moments 

(Table 4.2). While for the lowest concentration of drug (PLA 0.5:4.5:5.0) no 

mechanism can be defined, certainly due to an instantaneous release, when the 

concentration of the drug drops to 10% (PLA 1:4:5) the RDC value suggests a zero- 

order kinetic which was not confirmed. The release mechanism of propranolol seems 

to follow the cube root law kinetic for the preparation PLA 3:2:5 and the first order 

for both PLA 4:1:5 and PLA 5:0:5 and, as mentioned before, for preparation PLA 

2:3:5. However the theoretical confirmation gave in all the examples a first result 

higher than that obtained practically. This can be due to the fact that at the second 

sample collection almost 100% released was already reached. Actually, as pointed out 

by Podczeck (1993) one important source of errors in the calculation of the statistical 

moments for systems which have a complete drug release is related to the number of 

points as well as the curve shape, being an expression of the dissolution kinetic.
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Table 4.2 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of propranolol from uncoated pellets of the formulation PLA 

(propranolol content: 5,10, 20, 30, 40 and 50%)(U

Preparation AUC (ingT̂ .h) MDT (h) VDT (h2) RDC

PLA 0.54.5:5.0 12.9 + 0.11 0.13 + 0.01 0.01 ± 0 0.093 ± 0.02

PLA 1:4:5 15.1 ±0.46 0.15 ±0.01 0.01 ± 0 0.386 ± 0.08

PLA 2:3:5 24.4 ± 0.08 0.24 ±0.03 0.05 ± 0.0 1.08 ±0.11

PLA 3:2:5 20.4 ± 1.19 0.2 ± 0.03 0.03 ± 0 0.687 ± 0.03

PLA 4:1:5 19.2 + 0.16 0.19 ± 0 .04 0.04 ± 0 1.095 ±0.01

PLA 5:0:5 19 .1+ 0.2 0.19 ±0.01 0.03 ± 0 1.023 ±0.01

(1) Results are the mean and standard deviation of six replicates 

4.3.1.3 Group III

In the preparations included in this group, the model drug propranolol at a 

concentration of 20% (w/w) was successively combined with 30% (lower level) of 

different fillers ranked in order of their water solubility, as follows: glucose, mannitol, 

lactose, calcium phosphate and barium sulphate: The resultant preparations will be 

identified as PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PGA 2:3:5 and PBA 2:3:5, 

respectively.

The release of propranolol from these uncoated pellets is shown on Figure 4.7. It 

seems that the influence of the filler solubility is only noticed at the first sample 

collection, where both insoluble fillers (calcium phosphate and barium sulphate) 

provided the lower amount of drug. However, the cumulative drug released became 

closer in the following sample collection, being practically the same after 1 hour.
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Figure 4.7 Release profile of propranolol from uncoated pellets formulated with 

the lower level (30%) of (+) glucose, (x) mannitol, (•) lactose, (v) calcium 

phosphate and ( a )  barium sulphate.
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The mechanisms of drug release were not consistent with the solubility of the fillers 

present. Althought erroneous conclusions could be arrived at due to the faster release, 

which perhaps need studying using shorter sample collection intervals, when mannitol 

and barium sulphate were used, the drug release could be considered as following a 

first order kinetic (Table 4.3). On the other hand, glucose and calcium phosphate 

showed a non-Fickian release.

Table 4.3 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol from pellets produced with the lower level of filler 
(glucose, mannitol, lactose, calcium phosphate and barium sulphate)(U

Preparation AUC (mgl'̂ .h) MDT (h) VDT (h2) RDC

PGA 2:3:5 15.3 ± 1.1 0.15 + 0.01 0.01 ± 0.001 0.308 ± 0.020

PMA 2:3:5 17.1 ± 1.2 0.17 ±0.01 0.03 ± 0 1.151 ±0.102

PLA 2:3:5 24.4 ± 0.08 0.24 + 0.03 0.05 ± 0.0 1.08 ±0.11

PC A 2:3:5 15.8+ 1.07 0.16 ±0.01 0.01 ±0.001 0.410 ± 0.020

PBA 2:3:5 17.6 ± 1.03 0.18 ±0.01 0.02 ± 0 1.098 ±0.019
(U Results are the mean and standard deviation of six replicates
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4.3.1.4 Group IV

In the formulations included in this group the model drug propranolol was combined 

at a concentration of 5% (w/w) with the fillers referred to in Group III presented at a 

concentration of 45% (higher level). The resultant formulations will be identified as 

PGA 0.5:45:5.0, PMA 0.5:45:5.0, PLA 0.5:45:5.0, PGA 0.5:45:5.0 and PBA 

0.5:45:5.0 as the fillers used were glucose, mannitol, lactose, calcium phosphate or 

barium sulphate, respectively. The objective was to analyse the possible influence on 

the drug release from uncoated pellets, of a high concentration of a selected filler and, 

conversely, a low drug load.

The release profiles of propranolol from the uncoated pellets of this group are shown 

on Figure 4.8. Although in all the preparations 100% of drug release has been reached 

after 2 hours, it appears that the fillers modulated the release pattern, at least during 

the initial moments. The release was slower from preparations with barium sulphate 

(PBA 0.5:45:5.0) and mannitol (PMA 0.5:45:5.0) which cannot be related only to the 

solubility. While for barium sulphate the same trend was obtained when used at a 

lower level, the behaviour of mannitol seems more related to the porosity. Actually, 

pellets made with this filler showed a low porosity. Although half of the pellet mass is 

formed with soluble materials (mannitol and propranolol) it seems that the dissolution 

medium did not easily enter inside the pellet structure. As referred to previously, all 

the pellets of this group maintained their shape throughout the dissolution test. It is 

obvious that the soluble materials were completely leached out after 2 hours, as 

proved with the amount of drug recovered. However, these two fillers gave pellets 

with a compact structure which can explain the delay observed in the drug release. 

Moreover, the mechanical strength force measured for pellets from preparation PMA 

0.5:45:5.0 (1.12 N) was the highest recorded within this group.
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Figure 4.8 Release profile of propranolol from  uncoated pellets form ulated with 

the higher level (45%) of (+) glucose, (x) m annitol, (•) lactose, (v) calcium  

phosphate and ( a )  barium sulphate.

1 0 0 -

£  90 -

■§
I
£ 80 -

u
G 70 -

60
30 1500 60 90 120

t ime (min)

Despite the differences recorded in the dissolution profile it can be concluded, based 

on the results shown in Table 4.4, that a higher concentration of filler did not show 

any dramatic change in the behaviour already noticed in Group III. The five fillers 

maintained the trend observed when a lower amount was used. Small differences in 

the MDT value occurred with glucose (a faster release) and barium sulphate (showing 

a slower drug release). While for the other preparations no specific mechanism can be 

attributed, the preparation PMA 0.5;4.5:5.0 seems to release the drug by a first order 

kinetic. However, when the simulation curve was calculated (Figure 4.9) a 

considerable difference was noticed at the first point value. This was probably due to 

the faster release of the drug from the uncoated pellets. A correct approach to the 

mechanism involved in the drug release from uncoated pellets would require taking 

samples at shorter time intervals.
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Figure 4.9 Comparison of the dissolution profile of propranolol from ( a )  

uncoated pellets of preparation PMA 0.5:4.5:5.0 and the (o) simulation curve 

calculated according to the first order release kinetic(1)
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^^^Simulation has been carried out by calculation of the release constant, Kj and application of the 

specific equation tor the proposal release mechanism as explained in the text.

Table 4.4 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of propranolol from pellets produced with the higher level of filler 

(glucose, mannitol, lactose, calcium phosphate and barium sulphate)(l)

Preparation AUC (mgl'l.h) MDT (h) VDT (h2) RDC

PGA 0 5:4.5:5 13.2+1.1 0.13 + 0.01 0.03 ± 0 0.162 ±0.05

PMA 0.5:4 5:5 17,6+1.3 0.18 ±0.01 0.01 ± 0 1.086 ±0.05

PLA 0.5:4.5:5 0 12.9 + 0.11 0.13 ±0.01 0.01 ± 0 0.093 ± 0.02

PCA 0.5:4 5:5 15.3+1.0 0.15 ±0.02 0.01 ± 0 0.405 ± 0.01

PBA 0 5:4.5:5 23.8+ 1.9 0.24 ±0.01 0.04 ± 0 1.266 ±0.12

(D Results are the mean and standard deviation of six replicates
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4.3.2 Part II - Pellets coated at 5% weight gain with Surelease E-7-7050

The process of film coating which basically consists in the deposition of a polymeric 

membrane onto the surface of pellets or other solid oral dosage forms, is widely used 

for sustained release purposes. Although different materials are available, the EC 

derivatives are certainly the most popular. In this part of the study the influence of the 

film thickness, expressed in terms of the total weight gain, on the drug release was 

analysed for pellets coated with Surelease E-7-7050 at a concentration which gives a 

total weight gain of 5%.

4.3.2.1 Group I

The drugs studied were selected according to their solubility in order to analyse the 

influence of this physical characteristic on the release kinetics and find out the 

possible mechanisms involved in the transport of the drug through the polymeric film. 

It is generally accepted that drugs incorporated in coated pellets, as well as other solid 

dosage forms, are released by a diffusion process. According to this principle, the 

release of a drug from a spherical membrane reservoir system is based on its diffusion 

across the membrane and Equation 1 already mentioned, can be applied in order to 

calculate the release rate. In an ideal system, provided that sink conditions are present, 

the release of the drug should be independent of its concentration and the same 

amount would be released in equal time intervals. But, in practice, as can be seen in 

Table 4.6, the values of AUC, MDT, RDC and VDT obtained for different drugs 

when incorporated in pellets coated with the same amount of Surelease E-7-7050 are 

quite different. Actually the MDT values that gave the best prediction of the mean 

residence time, could be ordered as a function of the solubility of the drug. However, 

if comparisons were made only taking into account the relative drug solubility, the 

result obtained with the preparation PaLA 2:3:5 appears as an odd result in this 

sequence. It is therefore important to look for other physical characteristics of the
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pellets in order to explain the behaviour of the dissolution test. One possible 

explanation of this result can be found in the mean diameter of the uncoated pellets. 

As said before in Chapter 3 the mean diameter was calculated as 1.09 mm for pellets 

of PaLA 2:3:5 and 1.18 mm diameter for pellets of FLA 2:3:5 and confirmed by the 

calculated perimeter values. When the pellet size increases, the rate of release 

decreases, due to the fact that for the same weight the area available (S in equation 1) 

is smaller. This is in agreement with Akbuga (1991) who reported that generally the 

smaller the microsphere the more rapid the drug release due to the greater surface 

area. However in some cases a retarding effect can be seen for very small particles 

due to an effect of agglomeration, which seems more related to the polymer type used 

and the adhesiveness of the coated particles.

Another explanation can be given based on the porosity values. Although the small 

absolute value was registered with the two preparations, the porosity calculated for 

pellets obtained with paracetamol (0.051) is double the porosity of propranolol pellets 

(0.026). This result should not be neglected due to the strong relation between 

porosity and the drug release as will be discussed later.

A lower drug solubility has already been related to higher MDT and AUC values 

(Blanqué et al., 1995) but for uncoated matrix type pellets. It was considered that, if a 

well formed membrane is achieved, the drug solubility would be less important. 

Consequently if aqueous dispersions of coating polymers are applied, the release 

would be mediated by a dialysis mechanism whether the drug is acidic, basic or 

neutral. As a result, the release rate will be highly dependent on the pore diameter and 

tortuosity as far as the insolubility of the solute in the coat material is assumed (Iyer et 

al., 1990). However the work of Kané et al. (1994) claims that acetophtalate cellulose 

is a coating polymer which guarantees the best drug release pattern whatever the drug 

solubility.

According to Niskanen (1992) other important factors to be taken into consideration 

in the liberation of drugs from pellets are the particle size and crystallinity of the drug 

and the porosity of the pellets. This author showed that the parameters affecting the
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release of theophylline were the total pore surface area, the pore volume if in the 

range of 0.01 and 0.1 jdm and the crystallinity of the drug (faster release less 

crystalline) while the specific area did not show any influence.

The fraction of drug released as a function of time is shown in Figure 4.10. In order to 

obtain at least 90% of drug released all the tests were carried out for 12 hours while 

the preparation I LA required 25 hours.

Figure 4.10 Release profiles of ( a )  ibuprofen, (+) paracetamol, (•) propranolol, 

( a )  ephedrine and (x) sodium salycilate from pellets coated with Surelease E-7- 

7050 at 5% weight gain.
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The release profiles shown above confirm that the solubility is a limiting factor on the 

drug release at least for less soluble drugs. Tahara et al. (1996) found that the limiting 

release factor for soluble drugs (solubility higher than 5 mg/ml) was associated with 

the capacity of the medium to penetrate into the dosage form rather than the drug 

solubility. However this cannot be related to the mechanical strength of the pellets. 

Actually the hardest pellets were obtained with the preparation SLA 2:3:5 while those 

where a lower mechanical crushing strength was recorded belonging to the 

formulation I LA this gave the fastest and lowest drug release performances.
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From the results shown in Table 4.5 it can be seen that the release of ibuprofen fits the 

kinetic model proposed by Hixson-Crowell while propranolol provides a first order 

release. The other drugs apparently did not show any particular model, the release 

occurring as a diffusion process termed as non-Fickian.

Table 4.5 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of ibuprofen, paracetamol, propranolol, ephedrine and sodium salycilate 

obtained from pellets of the formulation ILA, PaLA, FLA, ELA and SLA(^) 

coated with Surelease E-7-7050 at 5% weight gain (D

Preparation AUC (mgrl.h) MDT (h) VDT (h2) RDC

ILA 2:3:5 465.33 ± 4.32 4.65 ± 0.04 13.69 ± 0.35 0.632 ± 0.007

PaLA 2:3:5 192.45 ± 7.41 1.94 ±0.08 5.07 ± 0.52 1.35 ± 0.03

FLA 2:3:5 209.01 ± 13.74 2.34 ±0.22 7.23 ± 0.72 1.13 ± 0 .16

ELA 2:3:5 116.03 ± 4 .77 1.16 ±0.05 1.78 ± 0.22 1.32 ± 0 .07

SLA 2:3:5 56.01 + 1.00 0.56 ± 0.01 0.16 ±0.03 0.51 ±0.11

(1) Results are the mean and standard deviation of six replicates

In order to confirm the proposed model for the release of ibuprofen (ILA 2:3:5) from 

pellets coated with Surelease E-7-7050 at 5% weight gain, the release constant K3 was 

calculated according to the equation K3 = 1/(4.MDT). The fractional drug release at 

each time t, was then calculated according to the equation defined for this specific 

model as follows:

Mt/Mo = 1 - (1- K3 1 )^

The calculated theoretical values obtained applying this equation as well as the 

practical results were plotted as a function of time (Figure 4.11). The shapes of both 

curves £ire similar and confirm that the kinetic model is ruled by the Hixson-Crowell 

model (cube root).
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Figure 4.11 Comparison of the dissolution profile of ibuprofen from ( a )  pellets of 

preparation ILA 2:3:5 coated with Surelease E-7-7050 at 5% weight gain and the 

(o) simulation curves calculated according to the cube root release kinetic(^)
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(*)Simulation has been carried out by calculation of the release constant, K 3 and application of the 
specific equation for the proposal release mechanism as explained in the text.

Applying the Korscmeyer equation to the data obtained with PaLA, ELA and SLA the 

release constant was then calculated. The K values obtained (0.0325, 0.514, 0.427, 

0.603 and 0.811 mg/h, respectively for ibuprofen, paracetamol, propranolol, 

ephedrine and sodium salycilate) were plotted as a function of the drug solubility 

(Figure 4.12) and confirmed the faster release of paracetamol when compared with 

propranolol.

Figure 4.12 Drug release constant, K as a function of the drug solubility.
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4.3.2 2 Group II

The formulations studied in this group were based in propranolol, lactose and Avicel 

(PLA). The drug load was successively increased as follows: 5, 10, 20, 30, 40 and 

50% of the total pellet weight while the amount of lactose was decreased: 45, 40, 30, 

20, 10 and 0% respectively. The amount of Avicel remained constant at 50% of the 

total pellet weight. Although in this group of preparations the drug remains the same 

Its concentration was increased while the amount of the mcxlel filler decreased in a 

corresponding manner. Again if the drug release was only driven by a diffusional 

process, the results would be expected to be similar in terms of the dissolution 

profiles. However, as seen on Figure 4.13 this was not the case. Conversely the 

release did not follow any rule and a simple explanation is not easy to find.

Figure 4.13 Dissolution profile of propranolol when in the concentrations of (+) 

5%, (o) 10%, (•) 20%, ( a )  30%, (X) 40% and (v) 50% (w/w) from pellets coated 

with Surelease E-7-7050 at 5% weight gain.
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The confirmation of the different behaviour of the same drug when its amount varies 

can be found in the values of AUC and MDT obtained with these formulations (Table 

4.6). The MDT increases from preparation PLA 0.5:4.5:5 to PLA 2:3:5 and then starts 

to decrease. On the other hand it has been shown that the amount of drug released
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increases with the amount of drug present at any time t (O'Connor and Schwartz, 

1993). However these results were obtained for matrix uncoated pellets and therefore 

are not applicable to coated pellets.

Table 4.6 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of propranolol from pellets of the formulation PLA (propranolol content: 

5,10, 20,30,40 and 50%), coated with Surelease E-7-7050 at 5% weight gain(l)

Preparation AUC (mgl"̂ .h) MDT (h) VDT (h2) RDC

PLA 0 .5:4.55 68.32 + 3.41 0.69 ± 0.03 0.24 ± 0.06 0.492 ± 0.08

PLA 1:4:5 95.08 ± 11.16 0.96 ±0.12 1.15 ± 0 .49 1.277 ±0.717

PLA 2:3:5 209.01 ± 13.74 2.34 ± 0.22 7.23 ± 0.72 1.13 ±0.16

PLA 3:2:5 126.27 ± 15.08 1.28 ±0.15 1.70 ±0.93 0.983 ± 0.305

PLA 4:1:5 70.43 + 5.16 0.69 ± 0.04 0.540 ±0.18 1.121 ±0.260

PLA 5:0:5 64.83 ± 6.88 0.63 ± 0.04 0.243 ± 0 .19 0.568 ± 0.363

(1) Results are the mean and standard deviation of six replicates

For the lowest (5 and 10%) and highest (40 and 50%) drug levels, the release was fast 

but delayed when the drug was present at 20 and 30% level. As the filler present in 

this group of formulations (lactose) as well as the model drug (propranolol) are a 

constant feature of the formulation, this behaviour cannot be attributed to changes in 

the total solubility of the pellets. The values of the constant of drug release, K 

calculated applying the Korsemeyer equation showed the same trend which can be 

arranged as 0.698, 0.635, 0.48, 0.548, 0.707 and 0.731 mg%/h from the lowest to the 

highest drug concentration. Figure 4.14 shows the relation between the K values 

calculated and the amount of propranolol present in the pellets.
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Figure 4.14 Release constant of propranolol, K from preparations PLA 

0.5:4.5:5.0, PLA 1:4:5, PLA 3:2:5, PLA 4:1:5 and PLA 5:0:5 as a function of the 

drug concentration (%)
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According to the values of RDC shown in Table 4.6, a first order release kinetic can 

be suggested for the preparations PLA 2:3:5, PLA 3:2:5 and PLA 4:1:5 while the 

other preparations seem to follow a non-Fickian diffusion. This confirmation of the 

release mechanism proposed was achieved by calculation of the theoretical release 

profiles according to the equations for the first order model. The release constant, Ki, 

was calculated for both preparations that fitted this model (PLA 3:2:5 and 4:1:5) and 

the fractional drug released at each time t, calculated according to the equation

Mt/Mo = 1 - e ' K i '

While for preparation PLA 3:2:5 the calculated theoretical values are in good 

agreement with the practical values determined (Figure 4.15), in the case of the 

preparation PLA 4:1:5 (Figure 4.16) the values of the first and second sample 

collection are quite different which means that although the curve shape is the same, a 

burst effect was noticed indicating that the practical release was faster than what 

would be supposed. This can also be due to the overlapping of the release curves 

during the initial part of the dissolution. As explained by Flaig (1974), the release of 

the drug can be driven simultaneously by a diffusion and a dissolution mechanism
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being the resultant release profile the sum of both curves. In such a case, the 

mathematical differentiation is not possible and the first part of the release process is 

uncharacteristic.

Figure 4.15 Comparison of the dissolution profile of propranolol from ( a )  pellets 
produced with preparation PLA 3:2:5 coated with Surelease E-7-7050 at 5% 
weight gain and the (o) simulation curve calculated according to the first order 
release model kinetic(^).
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^^)vSimulation has been carried out by calculation ol the release constant, K j and application of the 
specific equation for the proposal release mechanism as explained in the text.

Figure 4.16 Comparison of the dissolution profile of propranolol from ( a )  pellets 
produced with preparation PLA 4:1:5 coated with Surelease E-7-7050 at 5% 
weight gain and the (o) simulation curve calculated according to the first order 
release model kinetic^*).
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(^)Simulation has been carried out by calculation of the release constant, Ki and application of the 
specific equation for the proposal release mechanism as explained in the text
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This is apparently related to the values of porosity of the pellets made with these 

formulations as described on Chapter 3. The graph shown on Figure 4.17 reflects that 

up to a certain amount of drug the porosity of the resultant pellets can have a strong 

influence on the capacity of adhesion of the film. This is in accordance with a 

previous work (Rowe, 1978) which found a linear increase in the adhesion of HPMC 

films when the porosity of the core also increased. Preparations PLA 1:4:5 and PLA 

5:0:5 show a different trend which is probably due to the high drug load. Nevertheless 

Recki et al. (1995) have shown that the release constant of propranolol from pellets 

coated with Surelease was independent of the drug load, as long as the pellet size 

remained constant. This explanation was valid for drug load pellets and was not 

applicable for matrix type pellets. Moreover the behaviour of formulation PLA 5:0:5 

is not surprising since this preparation has already shown different physical 

characteristics such as the aspect ratio and shape factor which could influence the film 

deposition. Despite this, the explanation for the dramatic difference between 

formulation PLA 2:3:5 and the others with respect to the MDT value can be found in 

the specific surface area measured for these pellets. Using nitrogen as gas adsorbent it 

was possible to calculate the size and volume of pore as 186.8001 A and 0.002487 

cc/g, respectively. Ozturk et al. (1990) have already shown that pellets with a large 

surface area (0.2184 m^/g and an average pore diameter of 0.627 pim) gave a faster 

release rate when compared with a smaller area (0.0065 m^/g and an average pore 

diameter of 0.79 pim). These results suggested a mechanism associated with aqueous 

pores, as suggested by Bommel et al. (1989) since greater porosities should be 

associated with faster release rates if these mechanisms are operative.

Figure 4.17 presents the values of porosity, MDT and specific surface area measured 

on pellets produced with different formulations of the same model drug. The values of 

the specific surface area decreased as the concentration of propranolol decreased. 

However the preparation PLA 2:3:5 showed the lowest value which corresponded to 

the highest MDT obtained for all the preparations of this Group. The variation of the
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calculated porosity followed the same pattern as the MDT values at least for 

concentrations of drug up to 40% and an opposite behaviour thereafter.

Figure 4.17 Analysis of the (•) MDT, (o) porosity and ( a )  specific surface area 

values showed by preparations based on propranolol as a function of its relative 

concentration (%) in the total pellet weight.

2 .5 -

1 .5 -

^  1 -

0.5 -

0

r 5 0

-4 0

-3 0

- 2 0

0 10 20 30 50 6040

-3 0

2 
£

Drug concentration (%)

4.3.2.3 Group III

In this group the model drug propranolol was combined with different fillers, at a 

lower level (20%), ranked according to their water solubility (glucose, mannitol, 

calcium phosphate and barium sulphate). The pellets of the resultant formulations, 

identified as PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PCA 2:3:5 and PBA 2:3:5, were then 

coated with Surelease E-7-7050 at 5% weight gain. The objective was to analyse the 

influence of the filler solubility on the drug release profile from coated pellets (lower 

coating level).

The solubility of the fillers has been reported as an interacting factor on drug release 

from matrix pellets. As pointed out by Blanqué et al (1995) formulations containing
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barium sulphate have larger AUC and MDT values than those containing lactose. 

However, assuming again that the drug release from coated pellets is mainly 

controlled by a diffusion process it seems that by changing the type of filler and in 

particular its solubility, this factor would not have a great influence.

Table 4.7 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of propranolol from pellets produced with the lower level of filler 

(glucose, mannitol, lactose, calcium phosphate and barium sulphate) and coated 

with Surelease E-7-7050 at 5% weight gain(l)

Preparation AUC (mgrLh) MDT (h) VDT (h2) RDC

PGA 2:3:5 81.18 ±5.61 0.81 ± 0.06 1.97 ± 0.57 2.978 ± 0.552

PMA 2:3:5 81.00 ± 8 .95 0.80 ± 0.09 1.69 ±0.82 2.450 ±0.711

PLA 2:3:5 209.01 ± 13.74 2.34 ± 0.22 7.23 ± 0.72 1.13 ±0.16

PCA 2:3:5 66.07 ± 9.65 0.64 ±0.10 0.54 ±0 .35 1.207 ± 0.538

PBA 2:3:5 93.16 ± 11.12 0.93 ±0.11 1.54 ±0.65 1.861 ± 0 .49

(1) Results are the mean and standard deviation of six replicates

As can be seen in Table 4.7, the MDT value obtained with the preparation PLA 2:3:5 

is significantly different compared to the values obtained when the other fillers were 

used. Replacing the model filler (lactose) by the more soluble (glucose or mannitol) or 

more insoluble (barium sulphate) the kinetic parameters are quite identical. The odd 

result in this sequence was obtained with calcium phosphate which seems not to be 

related only to the porosity. This is in agreement with Kleinebudde (1994) who has 

suggested that the total porosity cannot be the variable uniquely influencing the drug 

release. For instance pellets made with calcium phosphate or barium sulphate despite 

the high porosity, showed a faster release compared with the model formulation as 

can be seen on Figure 4.18 where the fraction of drug released from pellets is shown 

as a function of time. This can be supported by the fact that the adhesion of a film is
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influenced by the surface of the dosage form, this being a function of the components 

present. As reported by Rowe (1977) the excipients used to produce the cores may 

have an important influence in the film adhesion. This author suggested that the 

adhesion of a film is influenced by the polarity of surface of the dosage form. For 

tablets made with MCC the film adhesion is high, which was attributed to the 

presence of hydroxyl groups at the surface which were able to form hydrogen bonds 

with the HPMC films. Lactose and some other sugars showed intermediate values 

with the lowest value being observed with the addition of inorganic excipients such as 

dicalcium phosphate. Actually pellets prepared with calcium phosphate as well as 

with barium sulphate (however to a lesser extent) repeatedly showed small pieces of 

the coat membrane floating in the dissolution vessel after 5 to 6 hours. This was 

initially considered as a production mistake, and repeated batches were tried with the 

same result. Another explanation for this behaviour can be found in the large specific 

surface area presented by pellets made with this filler in comparison with the others. 

The value of 12.9 sqm/g measured with krypton adsorption analysis demonstrates the 

enormous labyrinth formed inside the matrix. Another approach was given by 

Okhamafe and York (1987) who found that the film adhesion fell with lower film 

thickness, increasing as the film thickness also increases.

According to these assumptions, the faster drug release observed when glucose and 

mannitol were present can be aattiibuted to the higher solubility of these fillers. On 

the other hand, the explanation for the MDT values calculated for propranolol 

formulated with calcium phosphate and barium sulphate can be found on the poor 

adhesion capacity of the resultant pellets.

The proposed release kinetic for preparation PLA 2:3:5 was already discussed in 

Section 4.3.2.1. As none of the other preparations showed a specific kinetic model, 

the Korsemeyer equation was applied in order to calculate the constant of drug 

release. The calculated values of K, 0.757, 0.744, 0.480, 0.732 and 0.681 mg%/h 

ranked from the high soluble to the highest insoluble filler), shown on Figure 4.19
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confirm the lowest drug released constant observed when lactose was present. With 

the other fillers the release is far from diffusion controlled, as the n values are too 

small. This can be attributed to an insufficient coat level or to a porous membrane and 

no specific model applied to the release profile.

Figure 4.18 Amount of propranolol released (%) as a function of time (h) when 

different fillers at a lower level are present: (+) glucose; (x) mannitol; (•) lactose; 

(v ) calcium phosphate and (a )  barium sulphate
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Figure 4.19 Values of the release constant (K) of propranolol, calculated from 

pellets produced from PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PCA 2:3:5 and PBA 

2:3:5 after coating with Surelease E-7-7050 at 5% weight gain, as a function of 

the solubility of the fillers
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4.3.24 Group IV

In this group the model drug propranolol was combined with different fillers, at a 

higher level (45%) ranked according to their water solubility (glucose, mannitol, 

calcium phosphate and barium sulphate). The pellets of the resultant formulations, 

identified as PGA 0.5:45:5.0, PMA 0.5:45:5.0, PLA 0.5:45:5.0, PCA 0.5:45:5.0 and 

PBA 0.5:45:5.0, were then coated with Surelease E-7-7050 at 5% weight gain. The 

objective was to analyse the influence of the filler solubility, present at a higher 

concentration, on the drug release profile from coated pellets (lower coating level).

The dissolution profiles of the model drug maintained the same trend (Table 4.8) as 

observed when these fillers were used at a lower level but the formulation with lactose 

(PLA 0.5:45:5.0) showed a drug release closer to the others (Figure 4.20). However a 

faster release was observed both with pellets made with both glucose and mannitol, 

which is not surprising if the increase in osmotic pressure is considered. On the other 

hand, the insoluble fillers showed more efficiency in terms of sustained release than 

before.

Table 4.8 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of propranolol from pellets produced with the higher level of filler 

(glucose, mannitol, lactose, calcium phosphate and barium sulphate) and coated 

with Surelease E-7-7050 at 5% weight gain(l)

Preparation AUC (mgT̂ .h) MDT(h) VDT (h )̂ RDC

PGA 0.5:45:5 54.22 ± 0.82 0.54 ±0.01 0.07 ±0.03 0.224 ± 0.09

PMA 0.5:45:5 69.45 ± 4 3 9 0.69 ± 0.04 0.76 ± 0.33 1.514 ±0.53

PLA 0.5:45:5 68.32 ± 3.41 0.69 ± 0.03 0.24 ± 0.06 0.492 ± 0.08

PCA 0.5:45:5 81.27 ± 11.51 0.82 ±0.12 1.33 ± 0.78 1.819 ±0.659

PBA 0.5:45:5 122.63 ± 16.83 1.21 ±0.69 3.09 ± 1.19 2.030 ± 0.460
(^) Results are the mean and standard deviation of six replicates
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Figure 4.20 Amount of propranolol released (%) as a function of time (h) when 

different fillers at a higher level are present: (+) glucose; (x) mannitol; (•) 

lactose; ( v )  calcium phosphate and ( a )  barium sulphate
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The explanation of these findings can be related to the osmotic pressure inside the

core. As reported by Recki et al. (1995) the release rate from an osmotic pump can be

given by the following equation:
Mj/Mq = SaPmCTSpAn.t 

X

where Mt/Mo is the amount of drug released at time t. Sa is the surface area, Pm the 

mechanical permeability, a  the reflection coefficient, S the solubility of the whole 

pellet, Aji the osmotic pressure difference between the osmotic salt in the core and the 

external solution and \  the membrane thickness. The total osmotic pressure may be 

due to the core, i.e., from the drug itself and excipients i.e. sugar pellets which in 

addition to the solubility of the drug, may be a drug release rate regulating factor. For 

instance as reported by Recki et al. (1995) the total osmotic pressure of pellets of 

propranolol load onto "nu-pareils" is 191.38 atm mainly due to the sucrose (148.15) 

and less to the drug (43.23 atm). This means that the release of the drug not only takes 

place by a classical diffusion process but can also be modulated by osmotic pressure. 

Actually, as pointed out by Lindstedt et al. (1989) the release-regulating process is the
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osmotic diffusion of water into the device and not the diffusion of the drug molecule 

itself.

The osmotic pressure is certainly responsible for the rupture of the film. Gilligan and 

Po (1991) have already shown, using an EC pseudolatex film and HPMC that after 

dissolution, numerous cracks and pores were present in the polymer film coating even 

in those pellets coated only with the EC derivative. This observation suggests that the 

cracks are not related to the presence of HPMC in the films or caused by its leaching 

from the film but rather to an incomplete formed pseudolatex polymer film coating. 

Actually, the appearance of the films obtained with 5% coat appears as a far from a 

smooth surface and in some cases the membrane is rather porous.

The SEM shown on Figure 4.21 A were taken before and after the dissolution test 

carried out with pellets produced with preparation a) PLA 0.5:4.5:5.0; b) PGA 

0.5:4.5:5.0 and c) PCA 0.5:4.5:5.0. The exterior aspect of the membrane was identical 

before and after the dissolution test, for the preparations formulated either with lactose 

or calcium phosphate. However, when glucose was used the aspect of the membrane 

after the dissolution test clearly indicates the presence of numerous cracks. This 

behaviour seems to be related to the type of filler used but not to the shrinking of the 

cores during the dissolution. As can be seen in Figure 4.21 B, the pellets from these 

preparations experienced this phenomenon but still retained the membrane intact.

As no specific kinetic model fitted the dissolution data, the Korsemeyer equation was 

applied in order to calculate the constant of drug release. The values obtained for the 

K of propranolol were as follows: 1.047, 0.727, 0.698, 0.713 and 0.662 mg%/h 

respectively from preparations PGA 0.5:4.5:5.0, PMA 0.5:4.5:5.0, PLA 0.5:4.5:5.0, 

PCA 0.5:4.5:5.0 and PBA 0.5:4.5:5.0. The Figure 4.22 related the filler solubility to 

the constant release obtained when the different fillers were used.
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Figure 4.22 Values of release constant (K) of propranolol, calculated from 

preparations PGA 0.5:4.5:5.0, PMA 0.5:4.5:5.0, PLA 0.5:4.5:5.0, PCA 0.5:4.5:5.0 

and PBA 0.5:4.5:5.0 after coating with Surelease E-7-7050 at 5% weight gain as a 

function of the solubility of the fillers
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Figure 4.21A SEM of pellets prepared with prepartion a) PAL 0.5:4.5:5 0; b) 

PAG 0.5:4.5:5.0 and c) PAC 0 5:4.5:5.0, before (1) and after (2) dissolution..
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Figure 4.2IB SEM of the internal aspect of pellets prepared from formulations a) 

PAG 0.5:4.5:5.0; b) PAL 0.5:4.5:5.0 and c,d) PAC 0.5:4.5:5.0, after dissolution.

194



Chanter 4 - in vitro dissolution studies

4.3.3 Part III - Pellets coated at 10% weight gain with Surelease E-7-7050

The four groups of preparations studied previously (Group I: influence of drug 

solubility; Group 11: influence of drug load: Group III and IV analysis of the influence 

of different fillers when present at a low or a higher level, respectively) were coated 

with Surelease E-7-7050 in a ratio of 10% weight gain. As in most of the cases the 

drug released did not reach 100%, after 12 hours of the dissolution test, some 

modifications were made in order to maintain the accuracy of the method of 

calculation of the statistical moments. As pointed out by Podczeck (1993) one 

important source of errors in the calculation of the statistical moments of a dissolution 

curve is the fact that often 100% dissolution is not achieved. In these cases the 

parameters calculated should be similar to the values which could be calculated for 

the complete liberation profile.

4.3.3.1 Group I

The drugs studied (ibuprofen, paracetamol, propranolol, ephedrine and sodium 

salycilate) were formulated at 20% in pellets with Avicel (50%) and lactose as model 

filler (30%). The formulations obtained, identified as ILA 2:3:5, PaLA 2:3:5, PLA 

2:3:5, ELA 2:3:5 and SLA 2:3:5 were coated with Surelease E-7-7050 at 10% weight 

gain. The objective of this part of the work was to analyse the influence of a thicker 

coat membrane on the liberation profiles of different drugs chosen according their 

solubility.

The values of the independent-model parameters calculated for pellets within this 

group (Table 4.9) show a clear dependence on the drug solubility, the MDT value 

being higher when the solubility decreases. This seems valid for all the drugs tested. 

Analysing the release profiles (Figure 4.23) indeed shows a quite similar pattern. 

Apparently the difference can be found in the first time sampling or, in other words, 

the burst effect which is higher for the more soluble drugs. On the other hand, as
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reported by Ragnarsson et al. (1995) the lag time is higher when the drug solubility is 

lower. This may be due to a partial solubility of the drug (propranolol and to a smaller 

extent ibuprofen) in the coat membrane during the coating process.

From the SEM taken before and after dissolution of pellets produced with 

preparations PLA 2:3:5 and SLA 2:3:5 (Figure 4.24) it can be seen that although the 

coat applied was theoretically the same, in one preparation it cracked. This situation, 

already noted with the preparation made with glucose, may suggest that the 

membrane is not strong enough when highly soluble components (drugs or fillers) are 

present within the pellets.

Table 4.9 Area under the dissolution profile curve (AUC), mean dissolution time 

(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 

(RDC) of ibuprofen, paracetamol, propranolol, ephedrine and sodium salycilate 

obtained from pellets of the formulation ILA, PaLA, PLA, ELA and SLA(^) 

coated with Surelease E-7-7050 at 10% weight gain (1)

Preparation AUC (rngT̂ .h) MDT (h) VDT (ĥ ) RDC

ILA 2:3:5 745.78 ± 9.62 7.75 ± 0.09 37.57 ± 0.30 0.632 ± 0.007

PaLA 2:3:5 553.66 ± 9 .17 5.54 ±0.11 12.53 ± ±0.49 0.408 ± 0.006

PLA 2:3:5 343.01 ± 14.33 3.43 ± 0.14 10.55 ± 0.77 0.898 ± 0.064

ELA 2:3:5 277.60 ± 17.33 2.77 ±0.19 13.73 ± 1.82 1.78 ±0.06

SLA 2:3:5 63.50 ± 7.96 0.64 ±0.07 0.61 ± 0.21 1.55 ±0.848
(^) Results are the mean and standard deviation of six replicates

The values of RDC show that each drug followed a different model of release. 

Ibuprofen and propranolol seem to have a defined release kinetic: the first drug was 

released according to the Hixson-Crowell model, which actually is usually related to 

systems showing a dissolution rate limitation, while for propranolol the RDC value is 

between the release governed by the Higuchi square root law and a first order release, 

usually related to drugs dispersed in an insoluble matrix, providing the release related
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to the rate of diffusion. On the other hand, paracetamol provided a non-Fickian or 

anomalous release. The more soluble drugs, which apparently did not fit any model, 

should therefore be analysed separately. While ephedrine provides a MDT value of 

2.77 h, for sodium salycilate this value was only 0.64 h. Althought the latter is more 

soluble, the extent of the change cannot justify the dramatic difference observed in the 

amount of drug released after the first hour (68% and 94.8%, respectively for ELA 

2:3:5 and SLA 2:3:5).

Figure 4.23 Release profiles of ( a )  ibuprofen, (+) paracetamol, (•) propranolol, 
(a )  ephedrine and (x) sodium salycilate from pellets coated with Surelease E-7- 
7050 at 5% weight gain.
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SEM of these pellets taken before and after the dissolution test (Figure 4.24) could 

provide a better explanation of why the last formulation released the drug so fast. It is 

evident from these pictures that the coat suffered rupture and no longer behave as a 

diffusional membrane. The results obtained here are consistent with a previous work 

(Wan and Lai, 1994) supporting the suggestion that the different drug loading 

changed the structure of an EC film matrix and the penetration constant of the solutes 

through the film were found to be dependent on its initial loading concentration.

The values of the release constant (mg%/h), calculated by application of the general 

exponential equation Mt/MO = Kt° (Korsemeyer et al., 1983) are plotted as a function 

of the drug solubility in Figure 4.25, confirm the results above and allow an 

arrangement of the drug release as follow: ibuprofen (0.032), paracetamol (0.133), 

propranolol (0.377), ephedrine (0.520) and sodium salycilate (0.739).
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Figure 4.24 SEM taken after the dissolution test carried on pellets produced with 

preparation PAL 3:2:5 (a) and SAL 2:3:5 (b).
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Figure 4.25 Values of the release constant, K as a function of the log of drug 

solubility
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In order to confirm if the release of ibuprofen followed the proposed model, a 

simulated dissolution curve was drawn which calculated first the constant drug release 

applying the equation for this specific model (Kg = 1/4.MDT) and secondly, 

calculating the fractional drug release applying the equation Mt/MO = 1 - (1 - Kgt)^. 

However, as the drug released was incomplete, the perspective area under the 

cumulative curve was calculated beginning with the last measured value and 

recording every fractional area per time, as proposed by Podczeck (1993). In a third 

step the fractional areas are drawn as a function of time. Figure 4.26 compares the 

practical curve obtained to the simulated and prospective curve.

Although the RDC observed for propranolol seems to be closer to a square root 

kinetic, the value of the standard deviation demonstrated that within the same batch a 

first order release is also possible. In an attempt to discriminate between the two 

models, both theoretical curves were drawn and compared to the practical results 

(Figures 4.27 and 4.28).
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Figure 4.26 Comparison of the dissolution profile of ibuprofen from ( a )  pellets of 

preparation ILA 2:3:5 coated with Surelease E-7-7050 at 10% weight gain, the 

(o) simulation curve calculated according to the cube root release kinetic(^) and 

the (•) prospective curve
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^Simulation has been earned out by ealeulation of the release constant, K3 and application of the 

spécifié equation for the proposal release mechanism as explained in the text. ^̂ Hhe prospective curve 

was calculated dividing each point by the last measuring value according to Podezeck (1993); 

Mt M 13: drug released at each point divided by the total cumulative release at 13 hours

Figure 4.27 Comparison of the dissolution profile of propranolol from ( a )  pellets 

of preparation PLA 2:3:5 coated with Surelease E-7-7050 at 10% weight gain, 

the (o) simulation curve calculated according to the Higuchi square root of time 

release kinetic(^) and the (•) prospective curve (2)
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(l)Simulation has been carried out by calculation of the release constant, K3 and application of the
specific equation for the proposal release mechanism as explained in the text. (2)the prospective curve 
was calculated dividing each point by the last measuring value according to Podezeck (1993); 
M(/M 13: drug released at each point divided by the total cumulative release at 13 hours.
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Figure 4.28 Com parison of the dissolution profile o f propranolol from  ( a )  pellets 

of preparation PLA 2:3:5 coated with Surelease E-7-7050 at 10% weight gain, 

the (o) sim ulation curve calculated according to the first order release kinetic(1) 

and the (•) prospective curve

r  1.20
100  -

- 1.00
7 5 -

-0 .8 01̂
 50 -

t
DC
I 2 5 -

-0 .6 0

-0 .4 0

0.20

5 time (h) 10 150

DCB

Simulation has been done by calculation of the release constant, K3 and application of the specific 

equation for the proposal release mechanism as explained in the text, (^)the prospective curve was 

calculated dividing each point by the last measuring value according to Podezeck (1993); M1/M 13: 

drug released at each point divided by the total cumulative release at 13 hours.

4.3.3 2 Group II

The formulations studied were based on propranolol, lactose and Avicel (PLA). The 

drug load was successively increased (5, 10, 20, 30, 40 and 50%) with the amount of 

lactose decreased being 45, 40, 30, 20, 10 and 0% respectively. The amount of Avicel 

remained constant at 50% of the total pellet weight. Pellets of all these preparations 

were then coated with Surelease E-7-7050 at a 10% weight gain level in order to 

analyse the influence of the drug load on its release profile when a thicker coating 

membrane was applied.

The release profiles of the model drug, although 100% release was not reached in all 

the cases, clearly demonstrate the similarity of these formulations (Figure 4.29). 

While when coated with 5% this did not happen, here it seems that the critical coating 

level above which the drug starts to diffuse across the membrane has been reached. As
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reported by Dyer et al (1995) as the coating level increases, fewer pores are available 

for drug transport causing a shift in the process of release. Above this critical value all 

the holes eventually present in a thin membrane, are now covered and a complete coat 

is enveloping each individual pellet. As a consequence, the constant of drug release as 

a function of time (mg%/h) also changed. Actually as pointed out by Laakso and 

Paulamaki ( 1984) when the number of pores in the film is high, diffusion out of the 

film coated granules is so high that the dissolution of the drug is the rate limiting step 

in the whole liberation process. On the other hand, when the porosity of the film is 

low the output diffusion is so low that it regulates the rate of the process.

The different release kinetic models obtained with propranolol are in agreement with 

the previous work carried by Ganga et al. (1992) who showed that the drug release 

from matrix systems formed with HPMC swelling systems increases if the diffusional 

path lengths (formed due to the slower erosion of the matrix), also increases. The 

appreciable increase in the release rate recorded in the first hours was attributed to an 

increase in the erosion rate of the polymer. It was also been reported that, the drug 

release from EC microcapsules is related to the surface area of the core material, 

which decreases while the shape of the core remained unchanged suggesting that the 

release rate is controlled by the dissolution rate of the core material.

Figure 4.29 Dissolution profile of propranolol incorporated in pellets at 
concentrations of (+) 5%, (o) 10%, (•) 20%, ( a) 30%, (x) 40% and (v ) 50% (w/w) 
coated with Surelease E-7-7050 at 10% weight gain
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Compared to the formulations coated with 5% coat load, it appears that the results of 

the statistical moments obtained are more homogeneous (Table 4.10). This is not only 

true for the MDT values, which gave an idea about the residence time of the drug 

within the coated granules but also for the type of kinetics of release of the model 

drug. With the exception of the release from pellets produced with formulation PLA 

5:0:5 which seems to be governed by a non-Fickian diffusion, the others show an 

RDC value which approximates to one of the suggested models. The preparations 

with the lower and higher drug loads (PLA 0.5:4.5:5 and PLA 4:1:5) show a first 

order release (in agreement with this equation the release is dependent of the 

concentration). On the other hand the formulations with medium drug load PLA 1:4:5 

and PLA 3:2:5 as well as PLA 2:3:5 (discussed earlier in Group I) are more closely 

associated with the Higuchi square root model. The simulated curves obtained when 

the first order release model is proposed are shown in Figures 4.30 and 4.31 

respectively for preparation PLA 0.5:4.5:5 and PLA 4:1:5. On the other hand the 

simulated curves obtained when the RDC value suggested a square root release are 

presented in Figures 4.32 and 4.33 respectively for the preparations PLA 1:4:5 and 

PLA 3:2:5).

Table 4.10 Area under the dissolution profile curve (AUC), mean dissolution 
time (MDT), variance of dissolution time (VDT) and relative dispersion 
coefficient (RDC) of propranolol from pellets of the formulation PLA 
(propranolol content: 5, 10, 20, 30, 40 and 50%, coated with Surelease E-7-7050

Preparation AUC (mgpLh) MDT(h) VDT (h%) RDC

PLA 0.54.5:5 316.96 ± 14.26 3.50 ±0.13 11.82 ± 0 .38 0.96 ± 0.07

PLA 1:4:5 338.38 ± 19.99 3.38 ± 0.20 9.99 ±0 .88 0.87 ± 0.06

PLA 2:3:5 343.01 ± 14.33 3.43 ± 0 .14 10.55 ± 0.77 0.898 ± 0.064

PLA 3:2:5 328.00 ± 14.03 3.28 ± 0 .14 9.60 ± 0.69 0.89 ± 0.05

PLA 4:1:5 296.83 + 11.32 2.99 ± 0.12 8.66 ± 0.74 0.97 ± 0.04

PLA 5:0:5 244.41 ± 8 .19 2.51 ± 0.06 9.65 ± 0.77 1.52 ± 0 .06

(1) Results are the mean and standard deviation of six replicates
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Figure 4.30 Comparison of the dissolution profile of propranolol from ( a )  pellets 

produced with preparation PLA 0.5:4.5:5 0 coated with Surelease E-7-7050 at 

10% weight gain and the (o) simulation curve calculated according to the first 

order release model kinetic(l) and the (•) prospective curve(^).
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(^)Simulation has been carried out by calculation ol the release constant, K] and application of the 

specific equation lor the proposal release mechanism as explained in the text; (^)the prospective curve 

was calculated dividing each point by the last measuring value according to Podezeck (1993); 

Mt'M 12: drug released at each point divided by the total cumulative release at 12 hours.

Figure 4.31 Comparison of the dissolution profile of propranolol from ( a )  pellets 

produced with preparation PLA 4:1:5 coated with Surelease E-7-7050 at 10% 

weight gain and the (o) simulation curve calculated according to the first order 

release model kinetic(^).
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(l)Simulation has been carried out by calculation of the release constant, Kj and application of the 
specific equation for the proposal release mechanism as explained in the text.
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Analysing the simulated results calculated for both preparations PLA 0.5:4.5:5.0 and 

PLA 4:1:5 it can be seen that they lit the proposed release kinetic. On the other hand, 

with the preparation PLA 1:4:5 a fit to the square root mechanism only occurred in 

the first part of the curve. After 3 hours the practical results show a decrease relative 

to what could be expected. The same behaviour happened with preparation PLA 

3:2:5. However this could be expected as the RDC values are in between a square root 

and a first order kinetic. This obsen ation implies that approximations should be 

carefully taken and the results analysed taking into consideration the dispersion of the 

data within the same batch, i.e., the standard deviation.

Figure 4.32 Comparison of the dissolution profile of propranolol from (a) pellets 

produced with preparation PLA 1:4:5 coated with Surelease E-7-7050 at 10% 

weight gain and the (o) simulation curve calculated according to the square root 

release model kinetic(l).
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(1) Simulation has been carried out by calculation of the release constant, and application of the 

specific equation for the proposal release mechanism as explained in the text.
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Figure 4.33 Comparison of the dissolution profile of propranolol from ( a )  pellets 

produced with preparation PLA 3:2:5 coated with Surelease E-7-7050 at 10% 

weight gain, the (o) simulation curve calculated according to the square root 

release model kinetic(^). and the (•) prospective curve(^).
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^^^Simulalion has been carried out by calculation ol the release constant. Ko and application ol the 

specific equation for the proposed release mechanism as explained in the text; (^)the prospective curve 

was calculated dividing each point by the last measuring value according to Podezeck (1993); 

Mi/M12- drug released at each point divided by tlie total cumulative release at 12 hours.

Figure 4.34 Drug release constant of propranolol from preparations PLA 

0.5:4.5:5 , PLA 1:4:5 , PLA 2:3:5, PLA 3:2:5, PLA 4:1:5 and PLA 5:0:5, as a 

function of the concentration of propranolol (%)
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The values of the constant drug release, K in mg%.h~^ calculated applying the general 

exponential equation (Korsemeyer et al., 1983) are as follows: PLA 0.5:4.5:5 (0.35), 

PLA 1:4:5 (0.333), PLA 2:3:5 (0.377), PLA 3:2:5 (0.343), PLA 4:1:5 (0.375) and 

PLA 5:0:5 (0.50). In can be seen in Figure 4.34 that preparation PLA 5:0:5 shows the 

highest constant release which is in agreement with its physical characteristics already 

mentioned..

4.3.3 3 Group III

In this group the model drug propranolol was combined at the concentration of 20% 

(w/w) with different fillers, chosen according to their water solubility (glucose, 

mannitol, lactose, calcium phosphate and barium sulphate) at a lower level (30%). 

The amount of Avicel remained constant at 50%. The pellets of the resultant 

formulations, identified as PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PCA 2:3:5 and PDA 

2:3:5, were then coated with Surelease E-7-7050 at 10% weight gain. The objective 

was to analyse the influence of the filler solubility on the drug release profile from 

pellets coated with a higher amount of the coating dispersion.

The release profiles of the drug obtained with these formulations are shown in Figure 

4.35. The pattern followed by preparation PMA 2:3:5 reveals a faster release at the 

beginning of the dissolution test and thereafter an almost constant release. This can be 

attributed to the structure within the pellets. As expected preparation PGA 2:3:5 gave 

the fastest release, while PCA 2:3:5 and PBA 2:3:5 followed the same release pattern.

The analysis of the independent-model values shown on Table 4.11 indicates that 

even when a thicker coat is applied the core formulation still shows "activity" in the 

modelling of the drug release. Although the MDT values are clearly close to each 

other if compared with 5% coat, pellets made with lactose followed the same
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behaviour as before providing the slowest release. The results obtained when the more 

soluble filler, glucose, is present (preparation PGA 2:3:5) suggested that the osmotic 

pressure still has influence on the drug release.

Figure 4.35 Amount of propranolol released (%) from pellets coated at 10% 
weight gain with Surelease E-7-7050, as a function of time (h) when different 
fillers at a lower level are present: (+) glucose; (x) mannitol; (•) lactose, (v) 
calcium phosphate and (a) barium sulphate.
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Table 4.11 Area under the dissolution profile curve (AUC), mean dissolution 

time (MDT), variance of dissolution time (VDT) and relative dispersion 

coefficient (RDC) of propranolol from pellets produced with the lower level of 

filler (glucose, mannitol, lactose, calcium phosphate and barium sulphate) and 

coated with Surelease E-7-7050 at 10% weight gain(l)

Preparation AUC (mgl'̂ .h) MDT (h) VDT (h2) RDC

PGA 2:3:5 175.06+ 12.84 1.72 ±0.13 3.85 ± 0.83 1.28 ±0.14

PMA 2:3:5 221.01 ± 13.65 2.21 ±0.13 11.20 ±0.85 2.30 ± 0.26

PLA 2:3:5 343.01 ± 14.33 3.43 ±0.14 10.55 ±0.77 0.898 ± 0.064

PCA 2:3:5 223.1 ±19.11 2.32 ±0.19 7.19 ±0.93 1.330.07

PBA 2:3:5 295.33 ± 8.63 2.97 ± 0.08 7.61 ± 0.29 0.86 ± 0.04
Results are the mean and standard deviation of six replicates
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From the results shown above only preparation PBA 2:3:5 seems to follow a specific 

mcxiel, in this case the Higuchi square root kinetic, while the others provided a non- 

Fickian diffusion. However, analysing the practical data and the theoretical values 

(Figure 4.36) this assumption is only valid up to 80% of drug released, which again 

can be due to a poor approximation of the RDC value.

Figure 4.36 Comparison of the dissolution profile of propranolol from ( a )  pellets 
produced with preparation PBA 2:3:5 coated with Surelease E-7-7050 at 10% 
weight gain and the (o) simulation curve calculated according to the square root 
release model k i n e t i c ( B .
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1̂ )Simulation has been carried out by calculation of the release constant, K2 and apphcation of the 

specific equation for the proposal release mechanism as explained in the text.

To avoid erroneous conclusions the release constant (mg%/h) was then calculated 

based on the general exponential equation. The K values obtained, 0.528, 0.598, 

0.377, 0.483 and 0.351 respectively for preparations PGA 2:3:5, PMA 2:3:5, PLA 

2:3:5, PCA 2:3:5 and PBA 2:3:5 plotted as a function of the filler solubility (Figure 

4.37) showed that mannitol gave a higher release rate compared to glucose. This 

observ ation only can be explained with the high value of the variance associated with 

the mean dissolution time revealing a poor homogeneity of the dissolution data. The 

K value obtained with pellets made with lactose confirmed that this filler provided the 

slowest release of propranolol.
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Figure 4.37 Values of the release constant (K) of propranolol, calculated for 

preparations PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PCA 2:3:5 and PBA 2:3:5 after 

coating with Surelease E-7-7050 at 10% weight gain as a function of the 

solubility of the fillers
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4.3.3.4 Group IV

In this group the model drug propranolol was combined with different fillers, at a 

higher level (45%) ranked in order of their water solubility (glucose, lactose, 

mannitol, calcium phosphate and barium sulphate). The pellets of the resultant 

formulations, identified as PGA 0.5;4.5:5.0, PMA 0.5:4.5:5.0, PLA 0.5:4.5:5.0, PCA 

0.5:4.5:5.0 and PBA 0.5:4.5:5.0, were then coated with Surelease E-7-7050 at 10% 

weight gain. The objective was to analyse the influence of the filler solubility, present 

at a higher concentration, on the drug release profile from pellets coated with the 

higher coating level.

The release profiles of the model drug are shown in Figure 4.38. Although the pellets 

studied are supposed to have a thicker membrane than those studied previously and 

consequently the drug should be mainly driven out of the device by a diffusional 

mechanism, the results did not prove this assumption. For instance the insoluble fillers
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(calcium phosphate and barium sulphate) showed an initial release (burst effect) 

followed by an almost constant phase and a somehow faster release in the end. This 

can be attributed to the separation of the film from the core as has already been seen 

with a low coat concentration. On the other hand, the soluble fillers glucose, lactose 

and mannitol show an identical release pattern although with different release rates. 

Neverthless, according to the RDC values, only pellets of preparation PLA 0.5:4.5:5.0 

followed a specific model kinetic (Table 4.12)

Nevertheless the constant of drug release (K) values obtained here (Figure 4.39) PGA 

0.5:4.5:5.0 (0.609), PMA 0.5:4.5:5.0 (0.456), PLA 0.5:45:5.0 (0.350), PCA 

0.5:45:5.0 (0.359) and PBA 0.5:45:5.0 (0.171) need further explanation. Actually 

only preparation PGA 0.5:45:5.0 showed a higher value of K which is not surprising 

as the amount of glucose has increased and consequently the osmotic pressure. 

Observation of the coat after dissolution confirms the rupture of the film allowing the 

free release of the drug. A decrease in the release constant from the preparation PMA 

0.5:4.5:5.0 can be attributed to a higher densification of the core. On the other hand 

the insoluble fillers dramatically increase the MDT values.

Figure 4.38 Amount of propranolol released (%) from pellets coated at 10% 

weight gain with Surelease E-7-7050, as a function of time (h) when different 

fillers in a higher level are present: (+) glucose; (x) mannitol; (#) lactose; (v) 

calcium phosphate and (a) barium sulphate.
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Table 4.12 Area under the dissolution profile curve (AUC), mean dissolution 

time (MDT), variance of dissolution time (VDT) and relative dispersion 

coefficient (RDC) of propranolol from pellets produced vyith the higher level of 

filler (glucose, mannitol, lactose, calcium phosphate and barium sulphate) and 

coated with Surelease E-7-7050 at 10% weight gain(l)

Preparation AUC (mgl'l.h) MDT (h) VDT (h2) RDC

PGA 0.5:4.5:5 174.98 ± 24.08 1.81 ±0.26 6.99 + 2.09 2.07 ±0.13

PMA 0.5:4 5:5 256.23 ± 21.90 2.61+0.19 8.69 + 0.58 1.28 ± 0.11

PLA 0.5:4.5:5 316.96 ± 14.26 3.50 + 0.13 11.82 ±0.38 0.96 ± 0.07

PCA 0.5:4 5:5 406.70+ 11.47 4.37 ± 0.22 21.96 ±0.48 1.15 ±0.09

PBA 0.5:4.5:5 546.8 ± 7.32 5.46 + 0.07 16.45 ± 0.76 0.564 ± 0.03

Figure 4.39 Values of the release constant (K) of propranolol, calculated for the 

preparations PGA 0.5:4.5:5 0, PMA 0.5:4.5:5 0, PLA 0.5:4.5:5 0, PCA 0.5:4 5:5.0 

and PBA 0.5:4 5:5.0 after coating with Surelease E-7-7050 at 10% weight gain as 

a function of the solubility of the fillers
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It is then supposed that the drug was not only released through the membrane by a 

diffusional process. In such a case the release rate should be identical to the values 

obtained before. The blend of the components present in these preparations, where the 

drug is at a low level (5%) behave as a complex structure from which the release 

becomes complex. As already described by Stauffer (1985), the diffusion of a water 

soluble drug out of a porous matrix can be compared to the "ant in the labyrinth". The 

enormous quantity of pathways present in both the insoluble structures and the thicker 

coat membrane explains the increase on the MDT values. Although the percolation 

theory, based on the formation of clusters either of insoluble and soluble materials 

(Caraballo et al., 1994) proposed new concepts in the interpretation of the release of a 

soluble material from a matrix system, the assumption of the porosity as a third 

percolating phase appears as an important drawback. Also, as pointed out by 

Luginbuhl and Leuenberger (1994) while explaining the dissolution behaviour of 

drugs from tablets, the porosity of the tablets has to be kept constant in order to carry 

this evaluation, assuming that for every powder system the pore network may be 

considered as one of the components. Thus a powder mass of a single solid material is 

a two-component system comprising the solid powder particles of the material and 

pores (Holman and Leuenberger, 1988). Afterwards Leuenberger and Bonny (1991) 

assumed that for low drug concentrations and low porosity, the amount of drug 

release in the time t is proportional to ke that represents the exponent which is 

dependent on the percolation probability. The derived mathematical equations based 

on this assumption related the value of ke to the kinetic order of the drug release. Then 

when ke = 0.2 an anomalous diffusion rules the release. For ke = 0.5 the drug is 

normal diffusion controlled and for ke = 1 a zero order is achieved and the release 

matches the square root of time law (Higuchi law).

Since the values of porosity cannot be neglected and because for the coated pellets the 

membrane is considered the controlling device of the drug release, the fundamentals 

of this theory were not applied in the present work.
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4.3.5. Stability

In this part of the work tests were carried in order to analyse the behaviour of the coat 

membrane after storage. Five preparations were selected based on propranolol (20%), 

Avicel (50%) and each of the following fillers: glucose, mannitol, lactose, calcium 

phosphate and barium sulphate (30%). Pellets from these preparations identified as 

PGA 2:3:5, PMA 2:3:5, PLA 2:3:5, PCA 2:3:5 and PBA 2:3:5 were coated with 

Surelease E-7-7050 at 5% weight gain.

The process of ageing has been reported for polymeric materials and affects mainly 

the physical and mechanical properties of the film, which includes an increase in the 

density, yield stress, and modulus and decrease in creep and stress relaxation rate 

(Sinko et al, 1990). Moreover new regulations for studying the factors affecting in 

vitro dissolution after ageing have been proposed (Chowhan, 1994) which include, to 

name but a few, the analysis of other factors such as particle size distribution, ratio 

drug/excipients, composite solubility and hygrocopicity.

Although the required alterations of the polymeric materials, such as softening are 

usually undertaken during the coating process, further coalescence has been reported. 

Because ageing is a continuous process even though it is thermoreversible, e.g., the 

effects of ageing can be completely erased by bringing the material above its Tg 

(Sinko et al, 1990) the possible effects of the storage time and temperature should be 

analysed. Since most of the pharmaceutical film coatings exist as glasses during 

storage, the Tg usually becomes a critical parameter (Hancock and Zografi, 1994) 

when it is approached or exceeded by the temperature encountered by the product 

during processing (drying temperature or storage temperature).

The behaviour of ethylcellulose films is clearly dependent on the formulation of the 

coating suspension. For instance as reported by Yuen et al. (1993) who studied the 

behaviour of Ethocel (ethylcellulose aqueous dispersion), this material clearly
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requires an additional thermal treatment to achieve the complete curing of the film 

coat in order to guarantee the same drug release profile upon storage. On the other 

hand the water permeability of celullose acetate and EC was found by Guo et al. 

(1991) to decrease with the physical ageing time, which they related to the 

thermodynamic equilibrium established during the physical ageing. For Aquacoat the 

curing step has been suggested (Recki and Jambhekar, 1995; Hyppola, 1996) and 

even recommended (Aquacoat technical information) in order to complete the process 

of film formation. However the process of film-forming of the Surelease dispersion is 

completed during the coating process and further treatment at elevated temperature is 

not required to enhance the coalescence of the ethylcellulose particles (Sheen et al., 

1992).

From the results of the AUC, MDT, VDT and RDC for propranolol calculated from 

the preparations studied at time 0 and after 3 months storage at 35°C shown on Table 

4.13., it can be seen that when glucose, mannitol, calcium phosphate and barium 

sulphate were used, the release of propranolol after 3 months' storage was delayed. 

This behaviour was probably due to a more complete coalescence of the film 

particles. Identical results have been reported showing that drug release from pellets 

soon after the completion of coating is faster than after storage. This was explained 

based on the assumption that the drug concentration in the film is neglected and time 

will be taken to establish a concentration profile in the coating layer (Lu and Chen, 

1995). Also, Gilligan and Po (1991) showed that a significant difference occurred in 

the rate of drug release from coated pellets before and after 4 months' storage at room 

temperature, which was related to a further gradual coalescence. Initially the 

pseudolatex coat of the pellets did not fully coalesce. With time coalescence proceeds 

to produce a more continuous polymer film resulting in a decrease in drug release 

rate. On the other hand the release of propranolol when incorporated in pellets 

formulated with lactose decreases after storage. Lu (1994) and Lu and Chen, (1995) 

found identical results but for pellets that were either stored for a period of time or
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coated at elevated temperature. In this situation the coating layer may become 

saturated with drug and thus the initial drug release rate will be very large which 

corresponds to a burst release effect. Another explanation was given by Yuen et al. 

(1993) who suggested that the film permeability increases due to insufficient curing, 

and as a result micro-cracks and fractures could appear during storage.

Table 4.13 Area under the dissolution profile curve (AUC), mean dissolution 

time (MDT), variance of dissolution time (VDT) and relative dispersion 

coefficient (RDC) of propranolol from pellets produced with the lower level of 

filler (glucose, mannitol, lactose, calcium phosphate and barium sulphate) and 

coated with Surelease E-7-7050 at 5% weight gain(^)

Preparation Time AUC (mgrU) MDT (h) VDT (hZ) RDC

PGA 2:3:5 0* 81.18 ±5.61 0.81 ±0.06 1.97 ±0.57 2.978 ± 0.552

3* 150.57 ± 32.79 1.59 ± 0.39 2.34 ± 1.02 0.90 ± 0.05

PMA 2:3:5 0 81.00 + 8.95 0.80 ± 0.09 1.69 ± 0.82 2.45 ±0.711

3 148.55 ± 24.43 1.58 ±0.26 2.82 ± 0.42 1.18 ±0.32

PLA 2:3:5 0 209.01 ± 13.74 2.34 ±0.22 7.23 ± 0.72 1.13 ±0.16

3 171.83+11.29 1.85 ±0.11 6.15 ±0.59 1.78 ± 0 .10

PCA 2:3:5 0 66.07 ± 9.65 0.64 ±0.10 0.54 ±0.35 1.207 ±0.538

3 73.55 ± 6.46 0.77 ± 0.07 0.82 ± 0 .17 1.38 ±0.08

PBA 2:3:5 0 93.16 ± 11.12 0.93 ±0.11 1,54 ±0.65 1.861 ± 0.49

3 83.33 + 8.73 0.86 ± 0.08 1.31 ± 0 .4 1.74 ± 0.28

*Time 0; analysis for dissolution after coating; **Time 3; analysis for dissolution after 3 months 
storage at 35°C.

The release profiles of propranolol (Figure 4.40) after 3 months of storage also reveal 

more heterogeneity if compared with the results obtained at time 0 (Figure 4.13 and 

4.18).
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Figure 4.40 Amount of propranolol released (%) from pellets stored for 3 

months at 35“C as a function of time (h) when different fillers at a lower level are 

present: (+) glucose; (x) mannitol; (•) lactose; (v )  calcium phosphate and (a )  

barium sulphate

100  -

40 -

5 100 time (h)
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4.4. General discussion 

4.4.1 ANOVA

The values of AUC, MDT and RDC obtained with the uncoated and coated pellets (5 

and 10% film load), were analysed by ANOVA, using a simultaneous pair 

comparison with the centre of design and the results are shown on Tables 4.14 to 4.16. 

Although the release of the different drugs from uncoated pellets, with the exception 

of preparation ILA 2:3:5, was almost instantaneous the shapes of the dissolution 

profile curves were significantly different compared with the centre of the design. 

Only preparation PBA 2:3:5 showed a similar release profile.

Pellets coated with Surelease E-7-7050 at 5% weight gain showed similar behaviour. 

The exception was preparation PaLA 2:3:5 which was discussed previously.

However, for pellets coated with 10% of the coating dispersion, the preparations 

belonging to Group II (same drug at different ratios) showed similar results with the 

exception of preparations PLA 4:1:5 and PLA 5:0:5, which is probably due to the 

high concentration of the drug. All of the formulations in the other groups provide 

AUC values that are statistically different from the centre of the design. This can 

suggest that there is an influence of the drug itself as well as the fillers present in each 

formulation on the release characteristics.

The MDT values obtained with uncoated pellets are in agreement with the AUC 

values obtained. However, as noticed previously the fast drug release observed in 

almost all the preparations did not allow discrimination between preparations based 

only on these values.

For pellets coated with 5% of Surelease E-7-7050 the same trend was maintained and 

only preparation PaLA shows a lower level of significance.

The same batches of pellets but coated at 10% weight gain level gave MDT values 

which confirm the influence of the drug type (or its solubility) as well as the influence 

of the filler type and amount used. The pellets made from preparations of group II 

(same drug and filler at different ratios) showed identical MDT values, only being
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significantly different when the drug load is in a high level (PLA 4:1:5 and PLA 

5:0:5).

Table 4.14 ANOVA for AUC (area under the dissolution profile curve expressed 

in mgr^.h) of preparations of Group I, II, III and IV, by comparison with 

formulation PLA 2:3:5

Group Preparation 0% coat (1) 5% coated (2) 10% coated (3)

PLA 2:3:5 Standard Standard Standard

ILA 2:3:5 96610*** 2384.83*** 2319.01***

I PaLA 2:3:5 15.64*** 9.95* 634.54***

ELA 2:3:5 206.60*** 313.81*** 61.18***

SLA 2:3:5 357.60*** 849.72*** 1117.21***

PLA 0.5:45:5 365.18*** 718.49*** 9.70*

PLA 1:4:5 238.82*** 471.16*** 1.00

II PLA 3:2:5 44.18*** 248.50*** 3.22

PLA 4:1:5 74.66*** 697.10*** 30.50***

PLA 5:0:5 77.56*** 754.58*** 139.02***

PGA 2:3:5 228.66*** 593.14*** 403.37***

in PMA 2:3:5 147.15*** 594.81*** 212.84***

PCA 2:3:5 204.22*** 741.65*** 205.61***

PBA 2:3:5 127.68*** 487.18*** 32.51***

PGA 0.5:4.5:5 346.37*** 869.72*** 403.75***

IV PMA 0.5:45:5 127.68*** 706.99*** 107.69***

PCA 0.5:45:5 228.66*** 592.31*** 58.01***

PBA 0.5:4.5:5 1.00 270.84*** 593.89***

Variance between classes; 12609.79U); 56572^^);153670.3(^) Variance in the class: 1.086^); 

82.64(2); 209.78(3); p  values: 11606(1); 684.5l(2); 732.5(3). j y p  17 (PG1=1); 2nd DF 90 (FG2 = 

10); *p ^ 0.05; 0.001
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Table 4.15 ANOVA for MDT (mean dissolution time in hours) of preparations of 

Group I, II, III and IV, by comparison with formulation PLA 2:3:5

Group Preparation 0% coat (I) 5% coated (2) 10% coated (3)

PLA 2:3:5 Standard Standard Standard

ILA 2:3:5 38683*** 460.30*** 2466.43***

I PaLA 2:3:5 4.15 13.80** 588.39***

ELA 2:3:5 66.46*** 120.11*** 57.57***

SLA 2:3:5 125.66*** 273.31*** 1028.75***

PLA 0.5:45:5 125.66*** 234.85*** 1.00

PLA 1:4:5 84.12*** 164.28*** 1.00

II PLA 3:2:5 16.62** 96.92*** 2.97

PLA 4:1:5 25.96*** 234.85*** 25.59***

PLA 5:0:5 25.96*** 252.24*** 111.86***

PGA 2:3:5 84.12*** 201.93*** 386.45***

m PMA 2:3:5 50.89*** 204.58*** 196.71***

PCA 2:3:5 66.46*** 249.30*** 162.84***

PBA 2:3:5 37.39*** 171.50*** 27.97***

PGA 0.5:4 5:5 125.66*** 279.49*** 346.84***

IV PMA 0.5:45:5 37.39*** 234.85*** 88.86***

PCA 0.5:4.5:5 84.12*** 199.30*** 116.78***

PBA 0.5:45:5 1.00 110.15*** 544.62***

Variance between classes; 1.334(^); 5.860(^); 16.312^^) Variance in the class: 0.00028(^); 0.00347^); 

0.00226(3); p  values: 4618(1); 168.52(2); 718.643). i^t DF 17 (FG1=1); 2nd DF 90 (FG2 = 10); 

*V0.01;***p^ 0.001
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Table 4.16 ANOVA for RDC (relative dispersion coefficient) of preparations of 

Group I, II, III and IV, by comparison with formulation PLA 2:3:5

Group Preparation 0% coat (1) 5% coated (2) 10% coated (3)

PLA 2:3:5 Standard Standard Standard

I ILA 2:3:5 31.60*** 4.29 4.43

PaLA 2:3:5 5.25* 1.00 14.82**

ELA 2:3:5 69.36*** 1.00 48.00***

SLA 2:3:5 442.31*** 6.65* 26.23***

PLA 0.5:45:5 422.31*** 7.05* 1.00

II PLA 1:4:5 208.79*** 1.00 1.00

PLA 3:2:5 66.95*** 1.00 1.00

PLA 4:1:5 1.00 1.00 1.00

PLA 5:0:5 1.41 5.47* 23.87***

PGA 2:3:5 258.36*** 59.11*** 9.00*

in PMA 2:3:5 2.19 30.16*** 121.29***

PCA 2:3:5 194.60*** 1.00 10.99**

PBA 2:3:5 1.00 9.25* 1.00

PGA 0.5:4 5:5 365.33*** 14.21** 84.76***

IV PMA 0.5:45:5 1.00 2.55 8.54*

PCA 0.5:45:5 197.52*** 8.22* 3.92

PBA 05:4.5:5 15.00** 14.02** 6.88*

Variance between classes; 0.98?(^); 3.13S(^); 1.563^) Variance in the class: 0.0069(^); 0.173^); 

0.0486(3); F values: 142.69(1); 18.11 (2); 32.16). IstD F 17 (FG1=1); 2ndD F 90 (FG2 = 10); **p^.01; 

0.001

The RDC values calculated for pellets made from the different formulations either 

uncoated or coated at 5% and 10% weight gain clearly show (Table 4.16) that no 

specific model can be attributed according to the solubility of the fillers or the drugs. 

Since uncoated pellets of preparations as different from each other as PLA 4:1:5,
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PMA 2:3:5 or PBA 2:3:5 gave similar RDC, it is not possible to define a common 

release mechanism hypothetically followed by uncoated pellets.

When the same pellets were coated at 5% weight gain the significant differences can 

already be explained in terms of the formulation influence on drug release. For 

instance the result obtained with preparation SLA 2:3:5 is clearly due to the high 

solubility of the drug present (sodium salycilate). In Group II the significant 

differences seem to be related to the amount of drug or filler present. The results 

obtained with pellets made from PLA 0.5:4.5:5.0 and PLA 5:0:5 indicate that the 

lower and the higher drug load (or conversely the higher and the lower filler level) 

represents an influence parameter in relation to the mechanism of drug release. The 

higher level of different fillers is clearly significant when their solubility is high, as 

can be seen with the results obtained with both PGA 2:3:5 and PMA 2:3:5, However 

for insoluble fillers, although a different result was observed with PBA 2:3:5 the level 

of significance was smaller.

For pellets coated with 10% of Surelease E-7-7050 it can be seen that again pellets 

made with the same drug and filler (Group II) present a similar release mechanism 

being different only when lactose is no longer present in the formulation (PLA 5:0:5). 

The other different results confirm the explanation given before in the text.

According to the results shown on Tables 4.14 to 4.16, it can be concluded that the 

drug type, filler type and level as well as the coating amount behave as interacting 

factors on the mean dissolution time of the drug. In order to analyse how these factors 

act on their own or in conjunction, analysis of variance was performed considering the 

possible interactions.

For Group I the parameters studied were the drug type and the coat level. The analysis 

of variance for the independent variable MDT is shown on Table 4.17
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Table 4.17 Influence of the independent variables drug type and coat level on the 

MDT of the different drugs from pellets made with formulations belonging to 

Group I.

Variables SS DF F values

Drug type(l) 210.441 4 2045.88^"^"^

Coat level (2) 55.450 1 2156.29^^^

Drug * Coat 26.689 4 259.47' '̂ '̂^
(l)drug type defined according to its solubility (Dl: ibuprofen; D2: paracetamol; D3: propranolol 
hydrochloride; D4: ephediine hydrochloride; D5: sodium salycilate. (^)Coat level: 5% weight gain; 
10% weight gain; ^ 0.001; DF: degrees of freedom for variance within the group: 50; degrees of 
freedom for total variance: 59. SS: sum of squares.

From the results above it can be seen that both variables act on their own. However, 

as the interaction is also significant it should be concluded that these variables act in 

conjunction in a complex manner.

For Group II the parameters studied were the ratio drug to filler and the coat level. 

The analysis of variance for the independent variable MDT is shown on Table 4.18.

Table 4.18 Influence of the independent variables drug to filler ratio and coat 

level on the MDT (h) of propranolol calculated from pellets made with 

formulations of Group II.

Variables SS DF F values

Ratio drug/filler(l) 11.8421 5 138.43^^^

Coat level (2) 78.3752 1 4580.96**'^

Drug * Coat 5.2343 5 61.19*'^
(l)drug/fUler type was based on preparations made with propranolol hydrochloride and lactose at the 
relative ratios of: 0.5:4 5; 1:4; 2:3; 3:2; 4:1 and 5:0; (^)Coat level: 5% weight gain; 10% weight gain; 
+ + + P  ^ 0.001 ; ; DF: degrees of freedom for variance within the group: 60; degrees of freedom for total 
variance: 71. SS: sum of squares.
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As in the former case both of the independent variables act on their own but the 

interaction is also statistically significant. This value should be taken into 

consideration instead of the individual results.

For Group III and IV the parameters studied were filler type, filler level and coat 

level. The analysis of variance for the independent variable MDT is shown in Table 

4.19.

Table 4.19 Influence of the independent variables filler type, filler level and coat 

level on the MDT (h) of propranolol from pellets made with formulations of 

Group III and IV.

Variables SS DF F values

Filler type(^) 24.395 4 511.14' '̂ '̂^

Filler level (2) 2.783 1 233.21' '̂ '̂^

Coat level (̂ ) 256.588 2 11.100^"^^

Filler T *  Filler L 12.327 4 258.28' '̂ '̂^

Filler T * Coat L 25.850 8 270.82"^^

Filler L * Coat L 14.284 2 598.58^^

Filler T *  Filler L* Coat L 11.022 8 115.48' '̂ '̂^
(l)filler type defined according to its solubility: FI: glucose; F2: mannitol; F3: lactose; F4: calcium 
phosphate: F5: barium sulphate; (^)filler level: LI: 30% in a weight basis; L2: 45% weight basis. 
(^)Coat level: 5% weight gain; 10% weight gain +‘*’‘''p ^ 0.001; DF: degrees of freedom for variance 
within the group: 150; degrees of freedom for total variance: 179. SS: some of squares.

From the results above it is possible to conclude that each of the parameters acts on its 

own. The second level of interaction is also significant and, as a consequence, the first 

level of significance cannot be considered in isolation.

To analyse the influence of the filler type and level on the release of propranolol, 

these two independent variables were studied within each coat group, (uncoated
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pellets, and coated at 5% and 10% weight gain). The objective was to exclude the 

influence of the variable film coating. The results of the analysis of variance 

performed are shown on Tables 4.20 (uncoated pellets), 4.21 (5% coated pellets) and

4.22 (10% coated pellets). Analysing the data present on these Tables it can be 

concluded that none of the factors can be considered as act on its own because in all 

the three cases the interaction is significant and so, the precedent individual results, 

though statistically significant, cannot count in a comparison study.

Table 4.20 Influence of the independent variables filler level and type on the 

MDT (h) of propranolol calculated from uncoated pellets made with 

formulations of Group III and IV.

Variables SS DF F values

Filler leveKfl 0.018 1 159.06^^^

Filler type (2) 0.070 4 156.26+^'"

Level * Type 0.034 4 75.09' '̂ '̂^
(^)flller level: LI: 30% on a weight basis; L2: 45% weight basis, (^)filler type defined according to 
itssolubility: FI: glucose; F2: mannitol; F3: lactose; F4: calcium phosphate: F5: barium 
sulphate;(^)Coat level: 0% weight gain; +++p 0.001; DF: degrees of freedom for variance within the
group: 50; degrees of freedom for total variance: 59. SS: some of squares.

Table 4.21 Influence of the independent variables filler level and type on the 

MDT (h) of propranolol calculated from pellets coated with Surelease E-7-7050 

at 5% weight gain, made from formulations of Group III and IV.

Variables SS DF F values

Filler level(^) 1.432 1 117.42' '̂ '̂^

Filler type (̂ ) 6.135 4 125.74^'"'"

Level * Type 7.318 4 150.00̂ "̂ "̂
(^)filler level: LI: 30% on a weight basis; L2: 45% weight basis, (^filler type defined according to its 
solubihty: FI: glucose; F2: mannitol; F3: lactose; F4: calcium phosphate: F5: barium su lp h a te C o a t  
level: 0% weight gain; +++p ^ 0.001; DF: degrees of freedom for variance within the group: 50; 
degrees of freedom for total variance: 59. SS: some of squares.
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Table 4.22 Influence of the independent variables filler level and type on the 

MDT (h) of propranolol calculated from pellets coated with Surelease E-7-7050 

at 10% weight gain, made from formulations of Group III and IV.

Variables SS DF F values

Filler level(l) 15.616 1 664.98 "̂ "̂^

Filler type (2) 44.039 4 468.83^^

Level * Type 15.996 4 170.29' '̂ '̂^
(l)filler level: LI: 30% on a weight basis; L2: 45% weight basis, (^)filler type defined according to its 
solubihty: FI: glucose; F2: mannitol; F3: lactose; F4: calcium phosphate: F5: barium sulphate;(^)Coat 
level: 10% weight gain; +++p ^ 0.001; DF: degrees of freedom for variance within the group: 50; 
degrees of freedom for total variance: 59. SS: some of squares.

Nevertheless it is interesting to analyse individually both sets of the independent 

variables and suggest some possible explanations for their behaviour. First of all it is 

possible to conclude that the type of filler used in the production of pellets has a 

strong influence on the mean dissolution time of propranolol (Figure 4.41a, b and c).

Figure 4.41 Influence of the filler type (1 - glucose; 2 - mannitol; 3 - lactose; 4 - 

calcium phosphate; 5 - barium sulphate) on the MDT (h) of propranolol from:

a) uncoated pellets
Type
1--------------------- ------- C D -'

4

 1------------------ 1------------------ 1------------------ 1-------------MDT
0 .2 0 0  0 .2 5 0  0 .3 0 0  0 .3 5 0
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b) pellets coated with 5% (wg) of Surelease E-7-7050
TYPE
1 d :

2 H Z E M

3 I

4 I— r

5------------------------------- '----- 1 + I-------------- '

-I------------------- 1-------------------1------------------1-------------------1--------MDT
0.50  1.00  1.50  2.00 2.50

c) pellets coated with 10% (wg) of Surelease E-7-7050
Type
1 •4X1—

5 4    +  1-

------------ 1------------------ 1------------------ 1------------------ 1-----------------MDT
2 .0  3 .0  4 .0  5 .0

The central line of the boxes marks the median while the outer edges mark the first and third quartiles;

It can be observed that pellets made with lactose and coated with 5% (wg) gave the 

broader interval of MDT, which has already been discussed. However this behaviour 

is also observed with uncoated pellets which actually is surprising if compared in 

terms of solubility to other fillers. This observation means that the level of this filler is 

important when uncoated or coated pellets (with a lower level of coat) are considered. 

However, a narrow dispersion of the values of MDT when a 10% coat is applied can 

suggest that here the level is less important. On the other hand, the more soluble 

fillers maintained their relative position, in terms of solubility, showing a gradual 

increase in the MDT values, which does not suggest a clear influence of their amount. 

On the contrary, the presence of the more insoluble fillers seems to be identical for 

uncoated pellets while for 5% coated pellets only barium sulphate followed the 

"solubility rule". The anomalous behaviour of calcium phosphate has already been
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discussed. However, both of these materials dramatically changed their influence 

when a 10% coat is applied. The large dispersion observed suggests that the level in 

which they are present cannot be neglected.

Analysing the level in which filler is present (Figure 4.42) in coated pellets the effect 

of this variable was not consistent. For pellets coated with 5% the MDT values were 

higher when a 30% level was used. However, for 10% coated pellets the opposite was 

noticed.

Figure 4.42 Influence of the filler type (1 - glucose; 2 - mannitol; 3 - lactose; 4 - 

calcium phosphate; 5 - barium sulphate) on the MDT (h) of propranolol from:

a) uncoated pellets
Level
30   1 1

45

 h-
0.200

 h-
0.250

 h-
0.300

 h-
0.350

MDT

b) pellets coated with 5% (wg) of Surelease E-7-7050
LEVEL
30 — X

45

0.50

■CE

1.00 1.50

00

2.00

00

2.50
MDT

c) pellets coated with 10% (wg) of Surelease E-7-7050
Level
30 '----------1 t 1------------ -

45---------------------'------------------ 1 T

MDT
2 .0  3 .0  4 .0  5 .0

The central line of the boxes marks the median while the outer edges mark the first and third quartiles; 
* outher; Outlier
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4.4.2 Canonical analysis

The ANOVA already showed that the independent variables drug level and solubility, 

filler level and solubility and level of film coat can have an influence on the 

dependent variables AUC and MDT. To identify the possible relationship and predict 

the behaviour of the dependent variables related to the dissolution pattern of the 

model drug (propranolol), a canonical analysis was performed.

4.4.2.1 Canonical analysis for drug release

The coating levels studied were 0, 5 and 10% and the result in the dissolution 

performance of propranolol analysed. The Wilks test confirms a significant 

interdependence between the independent (X) and dependent (Y) variables (A =

0.342; F approx. = 6.67 (fj = 10; fj = 94); p< 0.001).

4.4.22 Interranging communalities d

The values calculated are as shown in Table 4.23.

Table 4.23 d-values and their significance levels for the range of variables 

assessed by canonical analysis

variables d value significance level

d-AUC 0.638 p < 0.001
cI mdt 0.639 p < 0.001
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4.4.2 3 Measures of redundance g

These values can explain which part of the whole variance of one range can be 

explained by the canonical variables of the other range of variables.

gv,u : 12.47%; 63.88%

With the values obtained only a part of the results can be explained by the canonical 

variables. Looking back to the interranging communality values it is obvious that the 

dissolution performance of the model drug was being influenced by the independent 

variables to a certain degree, but also here are unknown influence factors to consider.

4.4.2 4 Significant influence factors

1. AUC: this dependent variable was shown to be influenced by the drug solubility (p 

= 0.006), drug level (p = 0.021) and coat level (p < 0.001).

2. MDT: in the same way as obtained for the AUC, the MDT values are also 

statistically dependent on the drug solubility (p = 0.005), drug level (p = 0.018) and 

coat level (p < 0.001).

For both dependent variables the coat level appeared as the most important 

influencing factor. This is not surprising because with respect to coated pellets it is 

supposed that the membrane is actually the sustained release device. However it is 

also important to notice that the drug solubility showed as well a high level of 

significance which proves that the choice of a coat membrane should take into 

consideration the type of drug to be incorporated. Although to a lesser extent, it is 

important to underline the influence of the amount of the drug. This result can provide 

helpful information in the formulation design. As pellets are considered a suitable
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carrier form for high dosage products it should be interesting to look at the prediction 

of the release profile from these influence factors.

4.4.2.5 Calculation of the regression equations

1. AUC - The effect of the independent variables studied on the AUC can be 

expressed by the following equation:

AUC = 29.435 x coat - 0.0184 x (drug level)^ - 31.969 x In (drug sol.) + 150.993

which is characterized by a F = 66.77. Although the statistical significance (p < 0.001) 

of this equation is high, the RMS value obtained (47.43%) denotes that other factors 

outside of the experimental design, should be considered.

The regression analysis allows the assumption that the AUC increases as the coat 

level increases. However when the drug level increases the AUC decreases which 

suggests that high drug loaded pellets show a faster release. The relation of AUC with 

the drug solubility also suggests that an increase in the solubility provides a faster 

release. However being this relationship logarithmic, this variable shows high 

influence for small changes in the range of drug solubility as well as an almost 

unchangeable behaviour when the solubility is high.

2. MDT - the application of the same concepts as for AUC, leads to the equation

MDT = 0.3007 X coat - 0.0002 x (drug level)^ - 0.3278 x In (drug sol.) + 1.5517

which is characterized by a F of 66.54. Again the level of significance (p < 0.001) 

denotes the influence of these independent variables on the dissolution behaviour of 

the drug. The assumptions made for the AUC are valid for the MDT although the high 

variability of the results still remains (RMS = 47.79%).
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4.5. Conclusions

The analysis of the influence of the pellet formulation as well as a coating membrane 

allows the following conclusions:

Uncoated and coated pellets maintained their shape throughout the dissolution tests. 

The drug release from uncoated pellets is mainly influenced by the solubility of the 

drug. When soluble and slightly soluble drugs are present the release is almost 

instantaneous.

The different fillers have no influence on sustaining the release of drugs from 

uncoated pellets.

Although specific mechanisms of drug release were found for some preparations, it is 

not possible to attribute a general mechanism for drug release from uncoated pellets. 

Except for low soluble drugs, the total drug recovered from uncoated pellets reaches 

100% within 1 hour. Differences in the release profiles were only noticed at the first 

sample collections. However a high level of insoluble fillers can extend this interval. 

The simulation of theoretical dissolution curves requires shorter sample collection 

times to allow a higher number of samples to be taken within the initial slope of the 

curve.

Pellets coated with an ethylcellulose derivative at a 5% weight gain showed the 

influence of the coat membrane on the drug release.

Althought the drugs followed the "solubility rule", unexpected results can only be 

explained by analysing the physical characteristics of the core of the pellet.

The amount of polymer applied was insufficient to promote in all the drugs a 

diffusional mechanism. Very soluble drugs were released faster than low soluble 

drugs and although the coat delayed the release this effect did not last for more than 2 

hours.

The porosity of the pellets can be responsible for unexpected results.

The amount of drug present (drug load) acts as an interacting factor. High drug loads 

gave faster release.
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The determination of the specific surface area was revealed in the understanding of 

some unexpected results. The knowledge of the pellet structure, such as pore diameter 

and volume is of great importance as a porous structure could decrease the film 

adhesiveness.

Different drug loads lead to different release kinetics. For extreme values (5 and 50% 

of the total pellet weight) it was not possible to determine a release kinetic. Medium 

concentrations of drugs were generally released from coated pellets following first 

order kinetics.

High soluble fillers gave the fastest release. However, the compacted structure of the 

pellet obtained with mannitol can influence the drug release constant. The osmotic 

pressure generated inside the coat membrane is responsible for its rupture with 

consequent effect on the release profile. The insoluble fillers showed poor film 

adhesion which led to the disintegration of the membrane in a process that was seen 

as time dependent. A large specific surface area calculated in pellets made with 

calcium phosphate could be responsible for the fast drug release observed with theses 

pellets.

No specific release kinetic can be attributed to the fillers" solubility, as none of the 

preparations studied show a typical behaviour. The filler level did not show dramatic 

alterations on the drug release profile. The observations recorded when a lower level 

was used were in general confirmed with a high level.

Pellets coated with 10% of Surelease showed a behaviour that can be considered as 

dependent of the membrane. Although the pellet formulation maintained its activity, 

as was confirmed for the highest soluble drug where release seems practically 

independent of the coat, the results were more homogeneous and in the majority of 

the preparations studied a diffusional process was observed. The solubility of the drug 

maintained its influence on its own release and the release constant calculated is in 

agreement wit this assumption.

The drug load was clearly related to alterations of the kinetic of drug release. Extreme 

values followed a first order release while medium concentrations showed a square
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root mechanism. The process of simulation curves was a useful method of assessing 

the quality of fit as a model.

The presence of pores and cracks was shown to be of great importance and influences 

the drug release.

The influence of the filler solubility was less important when they were used at a 

lower level. This is in agreement with the diffusional process that is expected from 

coated pellets. However, the high content of insoluble fillers together with lower 

levels of the drug led to the formation of a complex structure that resulted in 

difficulties in drug release. The complex aspect of the insoluble material present 

inside the core after the dissolution test can explain the delay observed with these 

preparations.

The osmotic pressure already reported maintained its influence. Soluble fillers with 

lower tonicity showed a compact structure.

All the coated pellets retained their shape throughout the dissolution. However, small 

pieces of film were found which revealed a weak adhesion of the film.

The process of ageing influenced the drug release, causing a delay which was 

attributed to a further coalescence of the polymeric particles. However the opposite 

was also noticed with one filler showing the affinity of the drug to the polymer. 

Saturation solution within the pellet might be responsible for the burst effect, which 

was often observed.

The model independent parameters are of great importance in the characterisation of 

the dissolution profiles. The factor (RDC) used as discriminator between kinetic 

models was found useful. The simulation curves, as far as the sample number and the 

total amount released are concerned, are important tools in the prediction of the 

release behaviour of drugs.

The statistical analysis performed confirmed the observations noted qualitatively.
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CHAPTER 5

EVALUATION OF COATING FORMULATIONS
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5.1 Introduction

The process of film coating has been widely used in the pharmaceutical industry for 

many purposes. One of them is the production of sustained release dosage forms. 

Using appropriate polymeric materials and varying their concentration it is possible to 

obtain membranes with different thicknesses and permealities to be able to give the 

desired release profile. Since this process involves the deposition of the polymeric 

material onto the surface of the solid dosage form, such as pellets (Porter, 1982), the 

physical characteristics of the pellets, namely size, sphericity and surface roughness 

play an important role when an homogeneous membrane, in terms of its thickness and 

structure, is required. Althought the composition of the core, as referred to in the 

Chapter 4 and the production conditions are also to be considered, it can be 

considered that the film composition and thickness can greatly influence the drug 

release profile (Bianchini, 1994). It has been reported (Recki et al., 1995b; Yuen et al. 

1993; Narisawa et al., 1994) that the release rate of a drug from pellets coated with 

EC suspensions, such as Surelease and Aquacoat, is inversely proportional to the 

membrane thickness. The particle size of the pellets can have a dramatic influence on 

the membrane thickness. As reported by Hosny et al. (1994) the release of propranolol 

hydrochloride is significantly lower from smaller size beads (1.25 - 0.80) than from 

larger size beads (1.75 - 1.25) which can be due to the existence of a thinner 

membrane on the large beads when the same quantity of material is applied to a batch 

of pellets of different sizes.

As the purpose of the study described in this Chapter is to analyse the different film 

forming materials and formulations, the uncoated pellets have been selected from the 

same formulation (based on FLAW 2:3:5:5.5 ) and belong to the fraction size between

1.0 and 1.4 mm diameter with a median particle size of 1.12 mm.

The coating conditions were kept constant. Basically, as proposed by Bueb et al. 

(1994) it is important that, in order to obtain homogeneous coated pellets, the 

following conditions are fulfilled when a fluidized system is used:
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- during the process all cores must freely move to prevent sticking and they 

must flow homogeneously but avoid strong collisions between particles or 

between particles and the inner wall of the coating chamber;

- the cores must be oriented to the zone where they can receive the coating 

material and still have time to dry before the deposition of a new layer;

- the coating layers must dry quickly, yielding smooth and uniform surface, 

which in many cases depends on the formulation of the uncoated pellets and 

the coating material.

Since during the aqueous film coating of solid oral dosage forms, several parameters 

including process temperature and spray rate might influence the product performance 

they should be monitored and optimised for each polymeric system (Obara and 

McGinity, 1995). Moreover, as suggested by Parikh et al. (1993), for a given coating 

formulation the drug release could vary significantly as a function of the process 

variables. This implies that particular attention should be paid to the subsequently 

planned scaling-up procedures. Properties such as homogeneity and smoothness of the 

surface, as well as an overall equal film thickness obtained under controlled spraying 

rates of the coating solution, should be achieved (Bueb et al., 1994).

Among the various polymeric systems available, the aqueous suspensions systems 

based on ethylcellulose and the methacrylate derivatives are the most commonly used. 

From the first group both Surelease and Aquacoat were chosen. They basically differ 

in the fact that the latter requires the addition of plasticizer before use while Surelease 

is already preplasticized when received. The methacrylate derivative studied was 

Eudragit NE 30D. However, as mentioned by Nesbitt (1994) there is a major 

difference between Eudragit and both Surelease and Aquacoat: whilst the former is 

insoluble but permeable, the degree of which is a function of the number of the 

hydrophilic groups that are attached to the polymer main chain, the ethylcellulose 

derivatives are insoluble and impermeable.
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The influence of the type and amount of plasticizer, as a key component in the 

aqueous suspensions for film coating was analysed and different plasticizers chosen 

according to their compatibility with the polymeric material. It has been demonstrated 

that the efficacy of a plasticizer depends on its compatibility with the polymer 

molecules. These components should be incorporated within the polymer to change 

the molecular chain structure and hence change their mechanical features. It is then 

possible to obtain homogeneous membranes under normal working conditions i.e. the 

glass transition temperature, typically much higher than the working temperature, 

should be decreased to allow the polymer particles to merge together and form a 

continuous phase.

As the microstructure of the films also largely depends on the presence of other 

insoluble additives such as pigments and fillers (Okhamafe and York, 1987) the same 

EC derivative, Surelease, was tested in different commercial presentations. They 

differ (according to the supplier) in the type of plasticizer and in the presence of an 

anti-adherent. Actually the microstructure of the film is a key factor in drug release. 

As reported by Okhamafe and York (1987) when a film coat is applied to a substrate, 

the transportation of molecules from inside is expressed by the simple equation

Pm = Dc.Sc

where Pm, Dc and Sc are the permeability, diffusion and solubility coefficients of the 

film coating. The transport of the drug, in solution, occurs in two stages: the drug is 

first dissolved inside the polymer matrix. Part of the dissolved material can interact or 

bind with some of the functional groups of the polymer or any additives present, and 

hence will not be available for the second stage of permeation. This second stage 

involves the free or unbound fraction of the drug being carried along the diffusion 

channels and pores in the polymer matrix. It is apparent that the microstructure of the 

film coating, as well as the physicochemical characteristics of the film coating 

components, are important considerations in the permeation process. Moreover, if the
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drug is soluble, even partially in the polymer (Kané et al., 1994) it could also modify 

the structure of the film coat.

5.2 Experimental methods

The materials used and the coating conditions followed the description presented in 

Chapter 2. The overall experiments carried out are shown on Table 5.1.

The different factors tested were analysed based on the dissolution profiles shown by 

the model drug (propranolol hydrochloride) incorporated in the selected pellet 

formulation. The mathematical approach described by Voegel et al (1986) was carried 

out to identify the drug release mechanism. In cases where none of the proposed 

models fitted the experimental release observed, results were analysed in terms of the 

AUC and MDT values. Analysis of variance was performed by simultaneous pair 

comparison, taking the centre of the design, a formulation coated with Surelease E-7- 

7050 at 5% weight gain and no additional plasticizer, as the reference.

Table 5.1. Experimental design

NO Polymer Type weight gain Plasticizer

1.1 2.5% no additional

1.2 Surelease E-7-7050 5.0% no additional

1.3 10% no additional

2.1 Surelease E-7-7050 5.0% -k 5% DBS

2.2 5.0% -k 10% DBS

3.1 Surelease E-19010 5.0% no additional

4.1 Surelease XEA-7100 5.0% no additional

5.1 Aquacoat ECD30 5.0% 20% DBS

5.2 10.0% 20% DBS

6.1» Aquacoat ECD30 5.0% 20% DBS

6 .2» 10.0% 20% DBS

7.1 Eudragit N E30D 5.0% no additional

^These preparations were submitted to a cure treatment as explained in the text
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5.3 Results and discussion

5.3.1 Polymer concentration

In this part of the work, the aqueous dispersion of ethylcellulose, Surelease grade E-7- 

7050 was diluted with water to give a 15% total solids content suspension and applied 

to the selected fraction of pellets under the conditions described in Chapter 2. Three 

concentrations of the coating suspension, expressed in terms of total pellet weight 

gain were selected; 2.5, 5.0 and 10% (w/w).

The results for AUC and MDT (Table 5.2) clearly demonstrate the influence of the 

film thickness on the drug release profile, which is in agreement with the findings of 

Ozturk et al. (1990). This indicates that the film is the controlling step in the release 

process.

Table 5.2 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol obtained with the formulation FLA 2:3:5 coated with 
Surelease E-7-7050

A m ount o f  coating  
dispersion^

A U C  (mgl'Vh)^ M D T (h)b V D T  (h2)b RDCb

25* 68.0 ±4.1 0.68 ± 0.04 0.93 ± 0.35 1.957 ±0.572

5* 209.0 ± 13.7 2.34 ± 0.22 7.23 ± 0.72 1.13 ±0.16

10* 482.1 ±22.5 5.34 ±0.3 23.33 ± 1.34 1.67 ±0.21

^the amount of coating dispersion is expressed in percentage of pellets weight gain after coating; 

^results are the mean and standard deviation of six replicates)

Althought lower concentrations of Surelease (1.2% weight gain) have been 

successfully tested (Sheen et al., 1992) the lowest level of weight gain (2.5%) was 

clearly insufficient to promote significant alteration of the drug release. Comparing 

the MDT values with the results obtained with uncoated pellets of the same
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preparation (0.68 and 0.24 hours respectively), this amount of film coat can be 

considered as not effective. For the second level (5.0%) the MDT increased slightly to 

2.34 hours, revealing that the drug contained in the core was delayed, and the release 

was already a function of the membrane thickness. However, when the high film 

coating level was applied a dramatic increase in the MDT up to 5.6 hours was 

observed. The drug released from these pellets was first recorded, like the others, over 

a pericxl of 12 hours. As one of the requirements to ensure a correct mathematical 

approach in the calculation of the AUC and MDT is the need to attain at least 90% of 

drug release, analysis of this preparation was extended to 30 hours.

The Figure 5.1 shows the release of the model drug from pellets coated with Surelease 

when different coat thicknesses were applied.

Figure 5.1 Release profile of propranolol incorporated in pellets coated with 

Surelease E-7-7050 at ( a ) 2.5%, (•) 5.0% and (o) 10% (weight gain).
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The RDC value calculated for the preparation (1.13) coated with Surelease E-7-7050 

at 5% weight gain, indicates that the drug release followed a first order release. To 

verify the quality of the fit of the data obtained with this formulation with that 

proposed for a mechanism following a first order kinetics, the drug release constant 

(K^) was calculated according the relation Kj = 1/MDT determined for this model 

(Table 4.1). With this value it is then possible to calculate the theoretical relationship 

between Mt (drug released at the time t) and Mo (total amount of drug released at the 

end of the dissolution test) according to the following equation:

241



Chapters - Evaluation of coating formulations

Mt/Mo = 1 - e

As the total amount of drug released did not reach 100% the practical results were 

then recalculated, as mentioned in Chapter IV, considering the final result (90%) as 

the end point. Figure 5.2 shows the dissolution profiles obtained with the practical 

results, these values after correction and the theoretical dissolution curve obtained 

applying the equation above.

On the other hand the release values obtained with levels 2.5 and 10% do not fit any 

common model. While release from the former level of coating can be explained by a 

burst effect with no mechanism associated in the latter case, the drug is released by a 

non-Fickian transport. To identify a possible mechanism (calculation of the n value) 

and the constant release (identified as K) the exponential equation proposed by 

Korsemeyer et al. (1983) could be applied. However this is only possible for part of 

the dissolution curve. It means that the whole curve is not considered and substantial 

parts of the data can be missed. For this reason the calculation of the RDC value has 

been undertaken. This value can be used as a discriminator between different specific 

models (Voegele et al., 1986).

There appears to be a critical coating level below which the coverage of the core with 

the polymer is incomplete. Above a defined polymer level, drug release appears to be 

membrane dependent and other profiles would possibly be observed. As suggested by 

Dyer et al. (1995) as the coating thickness increases, fewer pores are available for 

drug transport thus retarding drug release. It is more likely that the drug release starts 

as a diffusion across the polymeric membrane rather than diffusion through pores or 

channels or imperfections within the film coat.
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Figure 5.2 Comparison of the dissolution profile of propranolol from (•) pellets 

coated with Surelease E-7-7050 at 5% weight gain, the ( a) theoretical simulation 

curve(l) and the (o) prospective curve(2)
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 ̂^)Simulation has been done by calculation of (he release constant, K[ and application of the specific 

equation for the projxised release mechanism as explained in the text; (^)the prospective curve was 

calculated dividing each point by the last measuring value according to Podczeck (1993); M(/Mi2: 

drug released at each point divided by the total cimiulative release at 12 hours.

5.3.2 Polymer type

The comparison of the release profiles of the model drug from pellets coated with 

Aquacoat, Surelease and Eudragit, when an equivalent amount of these materials was 

applied to gave the same total weight gain shows that different release rates occur. 

This observation firstly means that not only the film thickness, expressed in the 

amount of solids applied to the substrate is responsible for a faster or slower release, 

but secondly the different coating suspensions gave different membrane structures. 

One of the aspects to be taken into consideration is the affinity between the drug and 

the polymer. As shown by Bodmeier and Paeratakul (1994), most drug release 

profiles are characterized by an initial rapid drug release phase (burst) followed by a 

linear portion, indicating a region of constant drug release. According to these 

authors, the burst phase can be due to the deposition of drug crystals on the surface of 

the pellets, while the constant or zero-order drug release phase is caused by a constant 

concentration gradient across the px4ymeric film.
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Technological parameters of the coating systems can explain this difference. One is 

that Aquacoat should be plasticized before coating and also requires a post coating 

curing treatment, in order to assure a complete film coalescence. Conversely 

Surelease does not need this plasticization as it is already plasticized and a curing step 

seems to be unnecessary because a full coalescence can occur during the process. On 

the other hand the temperature is critical when Aquacoat is applied. As shown by 

Yang and Ghebre-Sellassie (1990) at a lower coating temperature, the minimum film 

forming temperature of Aquacoat is not reached and a porous film is achieved. 

Conversely if the coating temperature is too high the water evaporation will be fast. 

This situation impedes the normal pressure during the evaporation process, which 

helps the coalescence and prevents the development of the necessary capillary 

pressure required for the deformation of the polymeric spheres.

The coating process was not exactly the same for the three formulations. While with 

Surelease and Aquacoat the coating parameters were identical, some changes were 

required in order to be able to use Eudragit. Due to the lower glass transition 

temperature of this polymer, it needs to be sprayed at temperatures that do not involve 

the risk of a anticipated transition to a glassy state, with consequences to the whole 

process. It has been found (Ghebre-Selassie, 1986) that a coat temperature of 26° C, as 

far as a high flow air rate is applied, is enough to evaporate the water in the fluidized 

bed system and promote the formation of the film, avoiding the undesirable 

agglomeration of the pellets.

Another way to prevent this problem is the incorporation of inert powders, such as 

talc, into the dispersion, as suggested by Singh et al. (1995). Althought this procedure 

allows the functioning of the process, it leads to the formation of porous and rough 

membranes unsuitable when a sustained drug release is required. In this particular 

case the release of the model drug was similar to that obtained with the corresponding 

uncoated pellets. For these reasons Eudragit was applied at 22°C and the amount of 

suspension sprayed kept at low speed (1.5 ml/min). Scanning electron micrographs of 

pellets coated with the different materials are illustrated in Figure 5.3.
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Figure 5.3A. SEM of pellets coated with Aquacoat (a,b), Eudragit (c,d) and 

Surelease (e,f).
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Figure 5.3B. SEM of pellets coated with Surelease at 10% wight gain before 

dissolution (a,b) and after the dissolution test (c, d).
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The results. Table 5.3, clearly indicate that the three coating suspensions gave 

different drug release profiles when the same amount of polymer was applied.

Table 5.3 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol obtained with pellets coated with Surelease E-7-7050, 
Aquacoat ECD 30 and Eudragit NE 30D, at 5% weight gain (*).

Coat suspension type AUC (mgl l.h) MDT(h) VDT(h2) RDC

Surelease E-7-7050 209.0 ± 13.7 2.34 + 0.22 7.23 ± 0.72 1.13 ± 0.16

Aquacoat ECD 30 76.25 ± 4.45 0.75 ± 0.04 1.56 + 0.26 2.69 ± 0.24

Eudragit NE 30 D 366.0 ± 20.4 3.70 ±0.22 8.45 + 0.94 0 .615+ 0.02

(l)results are the mean and standard deviation of six replicates).

The value of the MDT (0.75 h i) obtained with the batch coated with Aquacoat 

reveals a faster release when compared to the other batches and both Surelease (2.34 

h) and Eudragit (3.70 h) seem to be more effective when this concentration (5%) is 

applied. No specific drug release mechanism can be attributed to pellets coated with 

Aquacoat, while the pellets coated with Eudragit show a typical cube root of time 

release, i.e. Hixson-Crowell model. The value of RDC fits the value proposed by 

Voegele et al. (1986) for this mode of release. The difference between the mechanism 

involved in the drug release from pellets coated with Surelease and Eudragit is 

certainly related to the polymeric material present (ethylcellulose in Surelease and 

metacrylate derivative in Eudragit). On the other hand, as found by Rekki et al. (1995) 

the release of propranolol from pellets coated with Surelease was virtually 

independent of drug loading while with Aquacoat the release rate increased with an 

increase in the drug loaded. This increase was attributed to the greater migration of 

the drug during the application of Aquacoat which resulted in the formation of a 

microporous membrane. It seems that more drug can migrate into the coating layer for 

Aquacoat whereas for Surelease the migration occurs to a lesser extent. The 

explanation given related the pKa of propranolol (9.45) to the pH of Surelease and
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Aquacoat (approximately 12 and 7, respectively). Therefore, propranolol is ionized 

and very soluble in the Aquacoat aqueous phase. This could potentially allow more 

drug to be solubilized and distributed throughout the polymer film during coating. 

Figure 5.4 shows the amount of model drug released (%) as a function of time (h). 

Althought similar curves were obtained with Surelease and Eudragit, their MDT and 

AUC differ significantly.

The purposed cube root mechanism showed by pellets coated with Eudragit can be 

demonstrated by calculating the fractional drug release at each time t. The constant 

drug release (K3) can be calculated by applying the relation K3= 1/(4 .MDT) proposed 

for this mcxlel as previously shown on Table 4.1. The values of Mo/Mt for each time t 

were then calculated following the equation:

M t/M o =1 (1 - Kg.t)^

Figure 5.5 shows that the dissolution profiles obtained with the practical results as 

well as those calculated according the above equation,, are quite identical, which 

prove the proposed drug release mechanism.

Figure 5.4 Release profiles of propranolol from pellets coated with Surelease (•) 
E-7-7050, ( a) Aquacoat and (o) Eudragit NE 30D in a concentration equivalent to 
5% weight gain (w/w)
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Figure 5.5 Comparison of the dissolution profile of propranolol from pellets 

coated with (o) Eudragit NE 30D at 5% weight gain and the ( a )  simulation 

curves according to the Hixson-Crowell model(^)
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(*)Simulations have been carried out by calculation of the release constant, K3 and application of the 

specific equation for the proposed release mechanism as explained in the text.

5.3.3 Amount of plasticizer

The ethylcellulose alone gives films with good tensile strength and elongation 

characteristics but which are very tough (Rekhi and Jambhekar, 1995). However, they 

are not supple and the temperature where the polymer becomes soft is impracticable 

in a normal coating process. It should therefore be plasticized to improve its thermal 

and tensile properties (Hyppola, 1996). Therefore, plasticizers or softening agents are 

added to the coating fluids to obtain the appropriate degree of suppleness, to lower the 

softening point and to improve the thermoplasticity of the polymer. The glass 

transition temperature, Tg, of an amorphous solid determines its chemical and 

physical stability as well as its viscoelastic properties. However, it should be 

considered that the Tg usually becomes a critical parameter when it is approached or 

exceeded by the temperature in which the product is processed (drying temperature or 

storage temperature).
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It is well known that compatible blends of amorphous materials exhibit a single Tg 

that is intermediate between the Tg values of the component materials, showing some 

relationship with the mixture composition. When an additive lowers the value of the 

Tg of a substance, a plasticizing effect is observed, whereas if it raises the Tg it has an 

opposite behaviour, called an antiplasticization effect (Hancock and Zografi, 1994).

One of the requirements when choosing an appropriate plasticizer is it compatibility 

with the polymer, which is related to a specific polymer/plasticizer system and the 

solubility of the polymer in the plasticizer. For ethylcellulose (Aquacoat) Rekhi and 

Jambhekar (1995) observed that this compatibility, as a function of a mutual 

solubility, will be at its maximum with DBS and at a lower point with propylene 

glycol, where phase separation can already be observed.

These materials are therefore required to lower the glass transition temperature of the 

polymer and allow the process of coating within reasonable limits of temperature. 

However, the influence of the plasticizers is not limited to the physical changes in the 

polymer molecular chain but also, as a consequence, to the drug release profile. The 

type and amount of plasticizer actually influences the rate of release by altering the 

water permeability of the polymer coating (Saettone et al., 1995). As demonstrated by 

Phuapradit et al. (1995), the permeability of EC membranes is significantly increased 

when DBS is used as a plasticizer compared to triethylcitrate (TEC). This can be 

explained by the increase in the values of the diffusion coefficient (Dc) of the drug in 

the resulting mixed membrane. Since the diffusion of a drug through a non porous 

membrane can be described by the equation:

dM/dt = Pm.Sa (Cs-Ct)

where Pm is the permeability coefficient, S  ̂is the surface area of the membrane, Cs- 

Ct is the difference of concentration at either side of the membrane, and dM/dt is the 

amount of drug diffusing through the membrane related with time, it can be concluded 

that when the value of P increases, so does the coefficient DM/dt.
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One the other hand, since the permeability coefficient is influenced by the diffusion 

coefficient of the drug (Dc), the thickness of the membrane (x) and the partition 

coefficient (PJ, which is related to the solubility of the drug in the membrane, the 

following equation will provide a representation of the situation:

P m  =  P c - D c /x

It can also be concluded that the amount of drug release is influenced by the mutual 

compatibility between drug and polymeric membrane. The above equation also 

provides evidence of the role of the coat thickness on the release profile.

A trend towards a reduction in the release rate with increasing plasticizer content is 

clearly apparent. However this trend does not always occur. This can be explained on 

the basis of an optimal coalescence of the coating film, which occurs only at a 

definitive plasticizer concentration. The choice of that appropriate plasticizer/polymer 

combination and the amount of plasticizer present in the polymer coating shell may be 

critical in determining the performance of sustained-release granules (Saettone et al., 

1995).

The permeability coefficient of EC when plasticized with DBS at 23% and 30% 

(w/w) was found to be 1.61 and 1.43 respectively (expressed in mg of water 

permeating the membrane at the steady state phase, per cm^, per 0.1 mm film 

thickness, per 24 h and per mm Hg) (Saettone et al., 1995). This explains the slight 

decrease in theophylline rate when a higher amount of plasticizer was used.

Another interesting approach to understand better the behaviour of the plasticizers 

was given by Arwidson et al. (1991). These authors reported that triethylcitrate, in a 

concentration of 22% of the polymer, is probably the optimal amount of plasticizer 

required to obtain complete coalescence of Aquacoat In opposite to other works, 

Arwidson et al. (1991) suggested a lower affinity of ethylcellulose to DBS when 

compared to other plasticizers such as TEC. The migration of the plasticizer through 

the polymeric particles as well as the evaporation of the plasticizer during the heat 

treatment has been shown to be an influential factor on the drug release rate. The
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dramatic decrease of the strain observed in films plasticized with DBS, when the 

coalescence temperature was increased suggests that the evaporation of the plasticizer 

during the heat treatment occurs. Moreover, as shown by Bodmeier and Paeratakul 

(1990), the increase in release rate of propranolol from pellets coated with EC 

plasticized at high TEC concentration, could be explained by the leaching out of the 

water soluble plasticizer. The leaching became more pronounced at higher plasticizer 

levels. Conversely, the fast release observed at low levels was probably due to an 

incomplete coalescence of the polymer rather than its solubilization. The leaching 

phenomenon, which is affected primarily by the hydration of the polymer and its 

affinity with the plasticizer (Bodmeier and Paeratakul, 1992), increases when the level 

of plasticizer also increases, leading to a higher rate constant that remains independent 

of the film thickness. Unlike the water-soluble plasticizers, leaching of water 

insoluble plasticizers is limited by their low solubility in the aqueous medium. This 

particular interaction between polymer and additives was reported as being 

concentration dependent (Bommel et al, 1989). As concluded by Bodmeier and 

Paeratakul (1992), Aquacoat plasticized with 10% of TEC does not form films while 

with 15% the films were brittle, indicating incomplete fusion of the colloidal polymer 

particles in a homogeneous film. The question arises: is it technically correct to 

increase this amount? However, with certain drugs e.g. propranolol, the leaching rate 

constant increases dramatically when compared to drug-free films. The presence of 

the drug in the polymeric coating layer deposited onto the surface of the pellets could 

therefore significantly affect the drug release. In order to avoid this, the contact of 

soluble drugs cores and water during coating with this type of coating suspension 

should be minimised. Otherwise the drug could dissolve and be present in the polymer 

film after drying, resulting in faster and irreproducible drug release pattern (Bodmeier 

and Paeratakul, 1992). Nesbitt (1994) suggested that a seal coat should be applied 

before using the control barrier to avoid the migration of soluble drugs in the film coat 

membrane and as a consequence the formation of discontinuous and permeable films.
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The results shown in Table 5.4 confirm that PEG, a water soluble plasticizer is not 

effective in the full plasticization of Aquacoat. This material was tried in a 

concentration of 20% using the grades of 3,000 and 35,000 molecular weight. Neither 

individually nor their blends in equal parts, showed any capacity of softening the 

polymeric particles. The film obtained was brittle, and after the coating process it was 

possible to see small pieces of film floating. The adhesiveness to the surface of the 

pellets was negligible. The heat treatment usually recommended when Aquacoat is 

plasticized was also unsuccessful. This is in agreement with other workers who have 

shown that, if the film is not formed or at least the polymeric molecules softened 

during the coating, a further heat treatment is completely useless. The release profile 

of the drug chosen for this particular trial was paracetamol due to its relatively low 

solubility compared to the model drug (propranolol). By this procedure an attempt 

was made to avoid erroneous conclusions caused by a possible interpretation based on 

the solubility of propranolol in any of the components of the coating suspension.

Table 5.4 Influence of the type of plasticizer on the release rate of paracetamol, 

incorporated in pellets (PaAB 2:3:5) coated with Aquacoat®

Uncoated pellets Coating suspension Plasticizer** Drug released(%)*^

PaAB Aquacoat 10%

PEG 3,000(1) lOOC

PEG 35,000 (2) lOOC

(l)  + (2) lOOC

PaAB Aquacoat 10% DBS 46,5^
®Aquacoat was previously diluted to 15% total solids content; ^the amount of plasticizer (20% w/w) 
was calculated in relation of the amount of ethylceluUose; *Hhis amount was registered at the first time 
collection (15 min ); ^amount released after 8 hours

5.3.4 Effect of an excess of plasticizer

As explained earlier not only the type of plasticizer is important to ensure a successful 

coating process but also the amount present can influence the permeability (Guo,
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1993). Guo (1994) later reported that the decrease in sucrose permeability can be 

explained by the antiplastization effect, while the opposite effect could be explained 

by the formation of plasticizer channels. This is supported by the assumption that, 

after a polymer film is plasticized to a certain extend, the plasticizer will no longer 

disperse homogeneously in the polymer film, but will form a continuous phase 

resulting in many plasticizers channels forming if the concentration increases. In some 

cases, even small difference in the concentration can have important effects (Lippold 

et al., 1989).

The study of the influence on the drug release of an excess of plasticizer was carried 

out using both Surelease and Aquacoat. The first because DBS is already incorporated 

in the suspension. The second because, as suggested in the product literature 

(Aquacoat, technical information) and confirmed for cast films (Hyppola et al., 1996), 

the dibutylsebacate is the plasticizer that best promotes the coalescence of the 

ethylcellulose particles. However as the process of film forming is different, sprayed 

and cast films are not always reproducible, so this factor requires evaluation. For 

aqueous dispersions containing solid particles in which sedimentation occurs, casting 

is not a suitable method for preparation of free films since heterogeneous structures 

could be obtained. Unlike the cast films, which have a dense and homogeneous 

structure, sprayed films are generally more porous due to the presence of small air 

pockets and/or areas of irregularity (Bodmeier and Paeratakul, 1994). As the 

differences in the mechanical properties between sprayed and cast films are polymer 

dependent (Obara and McGinity, 1994) correlations should be careful analysed and a 

spray method is advisable during scaling-up studies. For example in the spray coating 

process, the evaporation speed of the solvent must be much higher than that of the 

casting process. In addition, in pharmaceutical coatings, the rigidity of the porous film 

formed on beads or tablets may decrease by receiving continuous high mechanical 

stress in the coating machine (Narisawa et al., 1993). The SEM shown in Figure 5.6, 

represent a cast (a, b) and the corresponding sprayed film (c, d) of Aquacoat
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plasticized with PEG 35,000. The simple examination of the two first pictures leads 

certainly to an erroneous interpretation as the film shown was completely useless in 

terms of control of the drug release. Overplasticization at a 30% level (considering the 

ratio plasticizer to polymer) with these plasticizers was unsuccessfull which proved 

that PEG is not an effective plasticizer of ethylcellulose.

With respect to Surelease, this suspension was overplasticized in the ratios of 5 and 

10% with DBS. The results (Figure 5.7) suggest an interesting influence of this extra 

plasticization which demonstrates an initial increase on the drug release, followed by 

a decrease effect, which suggests that in a primary phase the drug could be helped by 

the plasticizers channels while in the second case, the amount of this material was so 

high that a lipophilic barrier could have been formed, with a consequent delay in the 

release.

Figure 5.7 Release profile o f propranolol from pellets coated with Surelease E-7 - 

7050 at 5% weight gain, when used (•) as received and overplasticized with (v) 

5% and (a) 10% o f DBS.
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The Table 5.5 presents the results for the statistical moments calculated for the 

dissolution curves shown above.
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Table 5.5 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol obtained with pellets coated with Surelease E-7-7050 at 
5% weight gain, when used as received and overplasticized with 5% and 10% of 
DBS.

Coating dispersion AUC (mgl Fh) MDT (h) VDT(h2) RDC

Surelease E-7-7050 209.0 ± 13.7 2.34 ± 0.22 7.23 ± 0.72 1.13 ± .0.16

Surelease E-7-7050 + 5% DBS 171.8 ± 11.2 1.85 ±0.11 6.15 ± 0 .59 1.78 ±0 .1

Surelease E-7-7050 + 10% DBS 282.1 ± 8.1 3.30 ±0.11 9.49 ± 0.73 0.86 ± 0.04

(^)Results are the mean and standard deviation of six replicates

The value of AUC recorded at 209.0 (mgl'l.h) when Surelease E-7-7050 was used 

without any excess of plasticizer, drops to 171.8 when 5% extra plasticized is applied 

and rises to 282.1 for the highest level of extra plasticizer (10% of DBS). The values 

of the median dissolution time shifted in the same way, being 2.34, 1.85 and 3.30 (h) 

respectively. However, the differences are not only restricted to a slower or faster 

drug release. The mechanism involved has also changed. While for the suspension 

preplasticized as seen before, the mechanism involved followed a first order release, 

pellets overplasticized with 5% DBS show a RDC value which does not fit any of the 

usual drug release mechanism. When a 10% extra DBS was used, the drug release 

seems to follow the square root mechanism. In an attempt to confirm this the constant 

of drug release K2 was calculated according to the equation K2 = l/(3.MDT)l^^. The 

fractional drug release at each time t, was then calculated according the equation 

defined for this specific model as follows:

Mt/Mo = K2.tl/2

The values obtained by applying this equation as well as the practical results were 

plotted as a function of time (Figure 5.8). As can be seen the practical data only 

follow the square root mechanism up to 60% drug released. This can be explained 

because the RDC value is not exactly 0.8 as proposed for this mechanism. Actually, 

considering the calculated standard deviation, the RDC value varies between 0.82 and
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0.9. The last value is in between the values proposed for the square root (0.8) and the 

first order release (1.0) which can explain the differences observed.

Figure 5.8 Comparison of the dissolution profile of propranolol from pellets 

coated with ( a )  Surelease E-7-7050 at 5% weight gain, overplasticized with 10% 

of DBS, and the (o) simulation curve calculated according to the first order 

release kinetic(1).
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(^)Simulation has been carried out by calculation of the release constant, and application of the
specific equation f or the proposed release mechanism as explained in the text.
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Figure 5.6 SEM of cast and sprayed films of Aquacoat: a and b - cast films; c and 

d, correspond to the sprayed films.
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5.3.5 Curing temperature

To demonstrate the influence of the curing step, Aquacoat was plasticized with 20 % 

of DBS and applied at 5 and 10% weight gain on pellets based on formulation PLA 

2:3:5. It should be pointed out that the amount of DBS suggested in the literature 

(Aquacoat, technical information) is 20 to 24% related to the quantity of the polymer. 

However, in both coating levels, the release of the drug was almost 100% in the first 

collection of samples (1 hour) suggesting that the membrane was not formed and the 

coated pellets behaved as uncoated pellets. To obtain a uniform membrane a further 

step, so-called curing, which is time and temperature dependent is required (Yuen et 

al., 1993). Conversely, Surelease films do not need further coalescence. As reported 

by Sheen et al. (1992) after stability studies of niacin acid pellets coated with this 

material, the coalescence occurs during the coating process and a post heat treatment 

does not change tiie release behaviour of this drug.

Once again, some differing results described in the literature, necessitate a careful 

monitoring of the process during the pre-formulation studies. For instance, curing 

chlorpheniramine pellets coated with Aquacoat resulted in a retardation of drug 

release (polymer more softened and coalesced), whereas curing ibuprofen pellets in 

the same way resulted in a significant increase in the drug release rate (Bodmeier and 

Paeratakul, 1994). Crystals of ibuprofen could be seen on the surface which reveals 

the affinity of the drug with the plasticizer (Bodmeier and Paeratakul, 1994).

The results of the dissolution tests carried out with pellets coated with Aquacoat are 

shown on Table 5.6. Four batches were studied :two were coated with Aquacoat in a 

concentration of 5% weight gain and the other two at 10%. The first two batches were 

removed after completion of the spraying of the coating suspension and the remainder 

were submitted to a curing step (1 hour in the coating chamber at 50®C plus 6 hours in 

a tray oven at 35°C).
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Table 5.6 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol from pellets coated with Aquacoat at 5 and 10% weight 
gain with and without curing treatment.(l)

Coating dispersion(2) AUC (m gl'fh) MDT (h) VDT(b2) RDC

Aquacoat 5% Not Cured 52.80 ± 3.8 0.52 ± 0.03 0.16 ±0.09 0.23 ± 0.37

Aquacoat 10% Not Cured 57.25 + 4.1 0.56 ± 0.04 0.49 ± 0.27 1.43 ±0.816

Aquacoat 5% Cured 76.25 ± 4.45 0.75 ± 0.4 1.56 ± 0 .26 2.69 ± 0.24

Aquacoat 10% Cured 125.4 ±5.1 1.28 + 0.1 1.69 ± 0.29 0.972± 0.66

(^)results are the mean and standard deviation of six replicates; (^)expressed in weight gain (%)

The dissolution profiles obtained with pellets coated with Aquacoat without further 

curing temperature revealed the inefficacy of this product, indicating that a complete 

coalescence is not achieved for both the concentrations applied. The coating time is 

not often enough to achieve this goal. As can be seen in Figure 5.9 the release of the 

model drug was almost instantaneous suggesting that the membrane was not fully 

formed. One possible explanation lies in the fact that the softening of the polymer is 

also time-dependent. As reported by Lippold et al. (1989) during heat treatment for 1 

h, the DBS present in the films made from freshly prepared dispersion of Aquacoat is 

unable to distribute homogeneously and to exert its optimal plasticizing effect. On the 

other hand, according to the RDC value the pellets coated with 10% of Aquacoat and 

submitted to a further curing step show a release profile that could be described as 

first order model. However, calculating the constant of drug release, K j for this 

specific model (K^ = 1/MDT) and then the fractional release at time t following the 

equation

Mt/Mo = 1 - e *

the values obtained did not fit exactly those observed in practice (Figure 5.10). This 

can be explained first because the RDC value is not exactly 1.0 and second the 

calculated standard deviation for each point of the curve shows that the RDC value
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can change significantly. For these reasons the drug release mechanism involved 

should be considered as a non-Fickian diffusion transport rather than first order 

model.

Figure 5.9 Comparative dissolution profiles of propranolol incorporated in 
pellets coated with Aquacoat at 5% weight gain (a )  cured and ( a )  not cured, and 
at 10% (•) cured (o) and not cured.
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Figure 5.10 Comparison of the dissolution profile of propranolol from pellets 

coated with (•) Aquacoat at 10% weight gain, subjected to a cure treatment, and 

the (o) simulation curve calculated according to the first order release kinetic(l).
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(^)Simulation was carried out by calculation of the release constant, K] and application of the specific 

equation for the proposed release mechanism as explained in the text.
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5.3.6 Influence of other components of the polymeric dispersion

Althought the responsibility of forming a sustained release membrane belongs to the 

polymer, it is not possible to obtain the film characteristics of the polymer without 

other additives. One of them is the plasticizer, earlier discussed. However, in order to 

improve the technical characteristics of the ready to use preparations, the producers 

have developed different suspensions based on the same polymeric material. For 

instance, it is now possible to avoid the formation of undesirable foam usually caused 

during the agitation of the suspension, even if a low shear agitator is used, by adding 

fumed silica. Another problem is the tackiness of some of the preparations and inert 

powders are used in the composition in order to ameliorate the handling of the 

product. Other components include opacifiants, dyes and stabilisers. However, these 

components cannot be regarded as inert, because they actually interfere with the 

structure of the membrane. For instance, Aquacoat contains sodium lauryl sulphate as 

an emulsifying agent to stabilise the ethylcellulose dispersion during preparation and 

storage. It was shown by Bodmeier and Paeratakul (1992) that this anionic surfactant 

dramatically influenced the drug release from coated pellets.

The objective of this peut of the study was to analyse the influence of these

components. Different grades of Surelease (E-7-7050, E-19010 and XEA-7100) were 

chosen. As mentioned in the literature of the product, the basic differences between 

these grades are:

- Surelease E-7-19010: plasticised with fractionated coconut oil

- Surelease EA-7100: plasticised with dibutyl sebacate

- Surelease E-7-7050: plasticised with dibutyl sebacate but with colloidal silica added. 

The type and amount of polymer is the same. Although the profiles are quite similar 

(Figure 5.11) the results in Table 5.7 shows the differences in the AUC and MDT
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values obtained with propranolol when these materials were used, maintaining the 

same coating conditions. It can be seen that the same polymeric material when in 

different formulations can slightly change the release behaviour of the drug expressed 

in the AUC and MDT values.

Table 5.7 Area under the dissolution profile curve (AUC), mean dissolution time 
(MDT), variance of dissolution time (VDT) and relative dispersion coefficient 
(RDC) of propranolol incorporated in pellets coated with different grades of 
Surelease (E-7-7050, E-19010 and XEA 7100) at 5% weight gain( )̂.

Coating suspension AUC (mgl'^.h) MDT (h) VDT (h2) RDC

Surelease E-7-7050 209.0 ± 13.7 2.34 ± 0.22 7.23 ± 0.72 1.13 ±0.16

Surelease 19010 247.3 ± 12.7 2.0 + 0.3 4.71 ±11.0 1.33 ± .0.16

Surelease XH A 7KX) 168.6+ 19.8 1.77 ±0.2 6.0 ± 0.7 1.97 ±0.32

U) results arc the mean and standard deviation of six replicates.

Figure 5.11 Release profile of propranolol from pellets coated with (•) Surelease 

E-7-7050, (&) E 19010 and (a) XEA 7100, at 5% weight gain.

100 -

10 Time (hours) 1550

263



Chanters - Evaluation of coating formulations

5.4 General discussion

The comparison of the dissolution behaviour of propranolol hydrochloride formulated 

in coated pellets was made by calculation of the AUC and MDT exhibited for each 

preparation. ANOVA was performed by simultaneous pair comparison between the 

model formulation and each of the others.

Statistical analysis of the results for AUC (Table 5.8) confirmed the results discussed 

earlier. The level of significance showing when different amounts of polymer were 

applied (p< 0.001) provides a clear dependence of the drug release in the thickness of 

the membrane, as the results were statistically different from each other. On the other 

hand the polymer type strongly influences the drug release curve shape, showing that 

the same amount of polymeric suspension, calculated in terms of weight gain, does 

not always show similar profiles. On the contrary they are significantly different. 

These results clearly demonstrate that the release of a drug from coated pellets is 

strongly influenced by the film. The type of polymer present, its concentration, 

plasticizer used, as well as other additives, led to the formation of different 

membranes. This is reflected in the release behaviour of the model drug under study. 

Comparing the standard deviation of the results above can give information about the 

reproducibility of the results inside the same batch. Although Eudragit was the most 

critical product in the study, due to the strong influence of the operational conditions 

which should be carefully set, pellets coated with this suspension gave reproducible 

results. The lowest release rate was also achieved with this material which was 

probably due to the agglomeration of the pellets during the dissolution test, a 

phenomenon that only happened with Eudragit.

For all the preparations the size and shape of pellets remained constant throughout the 

tests.
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Table 5.8 Effect of the formulation on the AUC of the dissolution profiles of 

propranolol from coated pellets

Class Variable Mean* STD* F values

1 Surelease E-7-7050 5% 209.01 13.74 Standard

2 weight gain 2.5% 68.05 4.19 367.34 ***

3 weight gain 10% 482.10 22.50 1378.0 ***

4 excess of 5% DBS 171.83 11.20 25.57***

5 excess of 10% DBS 282.16 8.12 98.73***

6 Grade E 19010 247.36 12.71 27.10***

7 Grade XEA 7100 168.66 19.83 30.16***

8 Aquacoat 5% Not cured 52.80 3.84 450.81***

9 Aquacoat 5% Cured 76.25 4.45 325.62 ***

8 Aquacoat 10% Not cured 57.25 4.10 425.49***

9 Aquacoat 10% Cured 125.4 5.05 129.14***

10 Eudragit 366.08 20.4 455.44***

^Values are presented as the mean and standard deviation of six replicates. Variance between classes: 

107780.7; variance within classes: 162.3625.5; 1st degree of freedom: 11; 2nd degree of freedom: 60; 

pair comparison 1st DF: 1 ; 2nd DF: 10; *** p ^ 0.001

The extent to which the MDT values can be shown to be influenced by the parameters 

is shown in Table 5.9. The only exception to the high level of significance is shown 

by the pellets coated with Surelease E-7-19010 which tends to be lower than all the 

other systems. The high F values obtained with preparations coated with the same 

suspension at different weight gain levels confirm that the membrane thickness is of 

paramount importance to the amount of drug released. Comparing the three types of 

coating materials studied (Surelease, Aquacoat and Eudragit), the results of MDT are 

in agreement with the AUC earlier calculated. The reproducibility of the results is 

confirmed with the similarity obtained with the 6 replicates, testifying to a low 

standard deviation.
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Table 5.9 Effect of the formulation on the MDT

Class Variable Mean* STD* F values

1 Surelease E-7-7050 5 % 2.34 0.22 Standard

2 weight gain 2.5% 0.68 0.04 278.11***

3 weight gain 10% 5.34 0.30 908.32***

4 excess of 5% DBS 1.85 O il 24.23***

5 excess of 10% DBS 3.30 O il 93.01***

6 Grade E 19010 2.00 0.30 11.67**

7 Grade XEA 7100 1.77 0.19 32.79***

8 Aquacoat 5% Not cured 0.52 0.03 334.3***

9 Aquacoat 5% Cured 0.75 0.04 255.15***

8 Aquacoat 10% Not cured 0.56 0.04 319.77***

9 Aquacoat 10% Cured 1.28 0.01 113.40***

10 Eudragit 3.70 0.22 186.67***

^Values presented as the mean and standard deviation of six replicates. Variance between classes: 

13.098; variance within classes: 0.02972; 1st degree of freedom: 11; 2nd degree of freedom: 60; pair 

comparison lstD F :l; 2ndDF: 10; ** p ^ 0.01; * * * p ^  0.001

As referred to before it is the values of RDC which actually discriminate the release 

kinetics between the different formulations. The values of RDC (Table 5.10) differed 

for all the systems, which signifies that different mechanisms were involved. This 

represents not only the absolute differences between values but more importantly the 

model that each formulation shows. In the majority of cases the release of the drug 

follows a non-Fickian transport. In cases where a burst release was observed, this 

could be due either to the rupture of the film or to an insufficient coat thickness. The 

high standard deviation calculated in some of the experiments reveals the 

heterogeneity of samples belonging to the same batch. Once again the amount of 

coating suspension presented values differing in statistical significance. The different 

drug release mechanisms proposed for pellets coated with Surelease E-7-7050 and 

Aquacoat (first order release) and Eudragit (cube root or Hixson-Crowell release) 

were confirmed.
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Table 5.10 Effect of the formulation on the RDC

Class Variable Mean* STD* F values

1 Surelease E-7-7050 5 % 1.13 0.16 Standard

2 weight gain 2.5% 1.95 0.57 13.47**

3 weight gain 10% 1.67 0.21 5.74*

4 excess of 5% DBS 1.78 0.10 8.56*

5 excess of 10% DBS 0.86 0.04 1.36

6 Grade E 19010 1.21 0.15 1.00
7 Grade XEA 7100 1.97 0.32 13.90**

8 Aquacoat 5% Not cured 0.23 0.37 15.96**

9 Aquacoat 5% Cured 2.69 0.24 47.94***

8 Aquacoat 10% Not cured 1.43 0.81 1.77

9 Aquacoat 10% Cured 0.97 0.66 1.00
10 Eudragit 0.61 0.02 5.22*

^Values presented are the mean and standard deviation of six replicates. Variance between classes; 

2.770; variance within classes: 0.1522; 1st degree of freedom: 11; 2nd degree of freedom: 60; pair 

comparison 1st DF:1; 2nd DF: 10; *** p ^ 0.001

5.5 Conclusions

The coating membrane that is the physical device which controls the release of drugs 

from coated pellets, the formulation parameters as well the coating conditions and 

further temperature treatment largely control the drug release from the coated pellets. 

The membrane thickness is probably the most important factor in controlling drug 

release. However it cannot be represented only in terms of weight gain when 

comparing different film formers. As the structure of the device is different, the 

release by diffusion was not always the controlling mechanism. If the membrane is 

too thin it allows a burst effect and the drug will be released almost instantaneously 

and any mechanism can be applied to the remaining release.
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The influence of the plasticizer on the drug release cannot only be seen in its ability to 

help the formation of a suitable membrane. The type and amount of the plasticizers 

also have an influence on the drug release. The formation of plasticizer channels helps 

to "open" the polymer barrier, which can explain the faster release observed when an 

overplasticization was tested. However, for higher plasticization an opposite effect 

was observed. Another action of these components can be ascribed to the 

compatibility between plasticizer and drug, as a consequence of the kind of bonds 

established between them. Ethylcellulose films require compatible polymers in order 

to soften the particles. This process depends on the compatibility between polymer 

and plasticizer and is time and temperature dependent. If the particles did not 

experience any deformation during the coating process a further curing step does not 

assist film formation. As a consequence the drug is released quite quickly and no 

sustained release effect was observed. Although identical release profiles were 

obtained with different grades of the same product, the independent variables AUC 

and MDT were influenced by these alterations.

The process of film coating, although providing a good batch to batch reproducibility, 

has many variables that can interfere with the way the membrane is formed and with 

its resultant microstructure.
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Pharmaceutical technology has in the last few years developed a large number of new 

drugs. The synthetic products have became the most important source even for those 

traditionally obtained by other processes. Simultaneously more accurate techniques 

for the physical characterization, identification and purification of these new products 

have been approached. There was a time when the drug was seen as the most 

important component of pharmaceutical formulations, but the importance of 

excipients is now recognised.

The modelling of the pharmacokinetic behaviour of drugs is required in an effort to 

maintain theblood level within the minimum effective concentration and the minimum 

toxicological level. Pharmaceutical oral dosage forms for sustained release have been 

investigated extensively since their introduction. The purpose is not only achieve that 

concentrations but also to ensure the continuous release of drug, avoiding the peaks 

and valleys of conventional dosage forms. These techniques require the knowledge of 

a series of factors, namely drug and process related, which influence the performances 

of the end product. They require an intensive studies of the biological properties of 

the drugs such as absorption, distribution and elimination.

With the advent of generic products the role of the excipients has engendered special 

interest. These process aids have been used freely and the option between one or other 

was quite often a matter of technological advantages, which were only dependent on 

the route of administration and physical appearance. The new regulations require a 

full description of the excipients and the process of registration of new products and 

dosage forms are now more strict. This is attested by the continous addittion of new 

monographs presented in Pharmacopoeias.

Despite recent approaches and the development of "excipient science" their 

behaviour is so far not well known.
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The study wich commenced with this thesis forms an initial investigation of an 

extensive project. The characterization of uncoated pellets revealed some interesting 

results which require more information to give full comprehension and study of the 

formulation and process interacting parameters. One of the most puzzling is the 

amount of water required for an extrusion to succeed. Being a component which is 

supposed to be removed by the end of the process, the way it remained within the wet 

mass and afterwards the structural changes of the pellets, requires a physical and 

mechanical study.

The physical characterization of uncoated pellets reflected the influence of the 

materials used in the formulation. The analysis of the particle size of raw materials 

and the specific surface area of the resultant pellets is a field of work which certainly 

can explain some of the results presented.

The determination of porosity using mercury intrusion could provide further 

explanations for the behaviour of both drugs and fillers. Although it was shown that 

this property is related to the density of raw materials and consequently to the pellet 

density, its influence on the dissolution of the drug is not fully understood.

The study of the thermal characteristics of the isolate materials can be an important 

field of research in the development of eutectic mixtures with predictable physical 

behaviour. Although not fully discussed, the study conducted in this thesis analysed 

the thermographs of the isolate materials, powder mixtures, dried pellets and coated 

pellets. The differences observed if fully analysed by microcalorimetry could be 

helpful in the design of new formulations.

The coating methods, although widespread in pharmaceutical technology for a large 

number of purposes, still remain an important source of work where sustained release 

dosage forms are concerned. The amount of coating suspension, usually calculated in
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a total weight gain, can carry some errors due to the difficulty of an accurate 

calculation. It is therefore recommended that methods which allow the measure of the 

film thickness should be employed. Actually not only the thickness of the coat 

membrane, considered as the key release device when a diffusional process is 

required, but also its structure and roughness of the membrane should be analysed.

The capacity of film adhesion was revealed to be dependent upon the pellet 

formulations. The choice of materials should then take into account the affinity 

support/polymer in order to obtain not only well formed membranes but also 

membranes with adhesion capacity able to sustain the drug release during the desired 

period of time. Some of the results obtained with the insoluble fillers studied 

suggested the possibility of weak chemical bonds which led to the disintegration of 

the membrane upon the dissolution test. On the other hand, the behaviour of very 

soluble fillers can create high osmotic pressure inside the coat membrane with 

inevitable rupture.

The study of the mechanical strength of films, based in its physical glass behaviour, if 

extended, can explain some of the unexpected results. The role of plasticizer and its 

compatibility with the polymer, although a body of work already done, is still 

unexplained when submitted to an ageing process. Also, the so-called 

antiplasticization effect has been ascertained with faster or slower release, which 

requires a more detailed study.

The characterisation of the dissolution results using statistical moments and the model 

independent parameters are important tools in the estimation of drug release 

behaviour. The method followed in this work allows differentiation between specific 

kinetic models. This is an important approach to avoid numerical errors due to an 

incomplete drug release (with extrapolation results up to 100%) as far as it is able to 

differentiate between curves. For uncoated pellets or when the release is too fast it is 

advisable to ensure that a large number of data points are obtained in the first part of 

the dissolution curve.
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As the studies generated more data it became difficult to handle the results and 

understand if the different variables act on their own or are due to an interaction. 

Statistical methods provide valuable information as far as it cover a correct planning, 

design, execution, processing and analysis are concerned. Exploring the data and 

confirming the hypotheses based on statistical measurements provides scientific 

documentation with invaluable information on the prediction of the behaviour of new 

formulations.
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