CHAPTER 6.

A COMPARISON OF THE CHARACTERISTICS OF ASPIRIN AND PARACETAMOL TABLETS.

6.1 Introduction. 

The effect of various treatments on the characteristics of aspirin or paracetamol tablets have been individually discussed in the preceding chapters. This chapter compares and contrasts the mechanisms involved and highlights the scope for further study. 

The statistical design used for the experiments on the individual drugs could have been combined with the inclusion of the additional treatment of “drug type”, and the particle size analysed as a qualitative treatment e.g. small and large. However, the mechanisms influencing the determinants have been directly compared, rather than attempting to combine the analyses. A summary of general effects of the single significant treatments is presented in Table 6.1, this is a compilation from results presented in some of the preceding tables, the individual tables being referenced in the text. 

Table 6.2 shows some of the characteristics of the two drugs which may have contributed to any differences observed. 
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Table 6.1.
A summary of the effect of an increase in a treatment on the tablet parameters.





Table 6.2

The Properties of aspirin and paracetamo1.

	
	Paracetamol
	Aspirin
	Notes

	Particle Size 
	7
	328
	A

	              (μm)
	20
	403
	A

	Particle Density (gcm-3 )
	1.29
	1.35
	B

	Crystal Crushing Strength (MNm-2)
	4.01
	5.38
	C

	Solubility in:

Water

Ether
	1 in 70

insoluble
	1 in 300

1 in 20
	D

D

	Adhesion Tension (Nm-l)
	30.7
	21.4
	E

	pKa (25°C)
	9.5
	3.5
	F

	Melting Point (°C)
	169-172
	135-143
	D


Notes

A. Table 3 .2; Section 2.2

B. Table 2.3

C. Markova and Balabudkin (1979)

D. B.P. (1980)

E. Table 1.4

F. Martindale (1982)

6.2 Tablet Weight Variation and Porosity.

The mean coefficient of tablet weight variation and the mean porosity of aspirin tablets were both less than those of paracetamol tablets, (Grand Means Tables 4.2, 4.3, 5.1 and 5.2). This follows the trend relating to the drug particle size shown in the paracetamol tablets, that is, as the drug size increased the tablet weight variation and porosity decreased, (Tables 4.2a and 4.3c). This was almost certainly due to a mass flow phenomenon, whereby the presence of larger particles carried small particles into the die and provided an initial consolidation of the powder bed, the larger the particles, the greater the effect within the range examined. Conversely this may be viewed as smaller particles causing uneven flow and interfering in consolidation. Danish and Parrott (1971) and Jones and Pilpel (1966) also found that smaller particles tend to limit flow. Increasing the compaction pressure resulted in a reduction in tablet porosity, though over different ranges for the two drugs, (Tables 4.3a and 5.2a). This difference in range illustrates the importance of the initial consolidation in the die; with a more efficient die packing a smaller proportion of the energy delivered during compaction would be used in particle rearrangement. In the case of the smaller drug particles the rearrangement probably consisted of the breakdown of electrostatic bridging structures. Thus, as the compaction pressure increased, more particles were moved to a position where bond formation could take place. In this context it is interesting to note that the Grand Mean tensile fracture stresses for both drugs were almost the same (Tables 4.4 and 5.3), despite the smaller surface area available for bonding with the larger aspirin crystals. This may indicate that an equivalent amount of the energy delivered during compaction was used in the paracetamol formulations for particle rearrangement and in the aspirin formulations for increased bonding. Both drugs exhibited the same changes with respect to the compaction pressure, i.e. a greater decrease in porosity between 100MNm-2 and 150MNm-2 than between 150MNm-2 and 200MNm-2, (Tables 4.3a and 5.2a). This probably reflected a change in the balance of forces within the compact after compression such that, when the pressure on the compact was released, then elastic recovery could take place. The non-linear decrease in. porosity indicates that a limiting degree of bonding took place such that further increases in pressure did not result in a proportional increase in permanent bonds. The effect of a longer mixing time was an increase in the tablet porosity with both drugs, although the change was slightly greater in the aspirin formulations, (Tables 4.3d and 5.2b). This was due to the effect of magnesium stearate on bond formation, a more complete distribution of the lubricant preventing some bonding from taking place. Any elastic recovery is then restrained by comparatively fewer bonds resulting in still greater disruption of bonding, the overall effect being an increase in porosity. The ratio of lubricant weight to unit particle surface area was greater in the aspirin formulations because of the larger drug size. This probably accounted for the larger change in porosity in these formulations. The coefficient of weight variation was unchanged by extending the mixing time in aspirin tablets, but was reduced in the paracetamol tablets. This illustrates the action of magnesium stearate as a lubricant, rather than as an anti-bonding agent, although these actions are more a question of degree than true distinctions. The lubricant action may be ascribed to effects on temporary bonds or binding, that is those bonds which are easily broken, as distinct from less easily broken or permanent bonds. In the paracetamol formulations the temporary bonding took place through the electrostatic attraction between particles. An increased distribution of lubricant dissipated the charge thus increasing the consistency of powder flow and packing efficiency in the die, leading to a reduction in tablet porosity. The difference in drug particle size probably meant that electrostatic attraction was less influential in the aspirin formulations than with the paracetamol. The effect of increasing the mixing time was therefore due to the action of magnesium stearate in reducing permanent bonding in the aspirin tablets whilst this action in the paracetamol tablets was countered by a reduction in porosity as a result of the dissipation of electrostatic charges. The effect of increasing the starch concentration was an increase in the porosity of paracetamol tablets but it had no significant effect on aspirin tablets, (Tables 4.3b and 5.2). This suggests that, in the aspirin tablets, any elastic recovery attributable to an increased starch concentration was constrained by the permanent bonds formed on compaction. The greater initial consolidation during die filling with the aspirin resulting in a more rigid tablet structure capable of resisting a greater amount of elastic recovery stress than the paracetamol tablets. The energy involved however, meant that the aspirin tablets were to some extent prestressed. There may have been some effect of the decrease in specific surface area of the powders at the higher starch concentrations, resulting in an increase in the weight of lubricant per unit particle surface area. This was unlikely to account for any difference between the two drug formulations as the size difference between the drugs was greater than between the starch and the Avicel it replaced. It should also be noted that there may have been a contribution to the lower mean porosity of the aspirin tablets from the porosity of the drug crystals themselves. 

6.3 Tablet Strength 

Although the previous chapters have considered tablet strength in terms of tensile fracture stress or friability, the relationship shown in Figure 6.1 is such that a consideration of the tensile fracture stress alone is sufficient to compare the aspirin and paracetamol formulations. 

The strengths of aspirin and paracetamol tablets were similar with all of the treatments except for the drug particle size. The mixing time had the greatest effect on the tablet strength, a longer time reducing the strength, (Tables 4.4a and 5.3a). This was almost certainly due to an increased distribution of magnesium stearate preventing bond formation during compression.
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Figure 6.1

The relationship between the mean tensile fracture stress and the reciprocal of the percentage friability for aspirin and paracetamol tablets.

An increase in the starch concentration resulted in a decrease in the tablet strength, (Tables 4.4b and 5.3b). This effect has been postulated to depend on two different factors; the larger size of the starch compared to the Avicel it replaced in the formulation and the intrinsic properties of the starch. The greater surface-volume diameter of the starch (Table 3.2) would result in an increase in the magnesium stearate available to interfere in bonding and a reduction in the area available for bonding. Starch may also act as a “weak link” in the tablet structure, due either to the stresses imposed by the elastic recovery of the starch or by a reduced ability of the starch to bond (i.e. weaker starch-Avicel bonds compared to Avicel-Avicel bonds). 

An increase in the compaction pressure caused the particles in both drug formulations to move closer together with a resultant increase in bonding and tablet strength, (Tables 4.4d and 5.3c). The increase in strength was non-linear, indicating that the bonds formed during compression were becoming balanced by the increasing forces of elastic recovery. 

The Grand Mean tensile fracture stress for both drugs were almost the same, (Tables 4.4 and 5.3). This suggests that the principal bonding occurred without reference to the drug. This probably represented drug particles embedded in an Avicel matrix.   

6.4 Liquid Penetration. 

The time taken to attain 50% saturation of a tablet, (M50%), using water containing a radiotracer, has been used as a measure of the rate of liquid penetration. A longer M50% thus represented a slower rate of penetration. 

The liquid penetration into aspirin tablets appears to have been dependent on the tablet strength, (Figure 5.1). The stronger the tablets the longer the M50%. One consequence of this was that the M50% ANOVA was similar to that of the tensile fracture stress,. (Tables 5.5 and 5.3). The mixing time was therefore the most significant treatment affecting the M50% of the aspirin tablets. The mixing time also had a significant effect on the M50% of the paracetamol tablets. In the aspirin tablets a longer mixing time decreased the M50% whereas in the paracetamol tablets the M50% was increased, (Tables 4.6a and 5.5a). The predominant effect of an increased distribution of magnesium stearate on the M50% of the paracetamol tablets was to render more surfaces hydrophobic, thus retarding liquid uptake. The interference in bond formation by the magnesium stearate exerted the main effect on the M50% of the aspirin tablets. It has already been noted (Section 6.3) that the reduction in the strength of both aspirin and paracetamol on increasing the mixing time, was similar. This suggests that the particle surfaces were the main barriers to penetration, either the interface between the hydrophilic excipients and a void space, or another hydrophobic surface. The latter including a drug surface or a coating of magnesium stearate. With the shorter mixing time, a similar comparison may be made between the two drugs as between the two size fractions of paracetamol. That is, the mechanism controlling the penetration was the path length required to bypass a drug crystal, the larger the hydrophobic crystal, the greater the path length deviation and the longer the M50%. When the mixing time was increased, the distribution of magnesium stearate was increased whilst the strength decreased. A reduction in the tensile fracture stress allowed the Avicel to split apart on hydration more easily owing to a reduction in the number of restraining bonds. This effect was opposed by the increase in hydrophobic surface as a consequence of the increased magnesium stearate distribution. An illustration of the effect of the spreading of an additional hydrophobic coating may be obtained by considering a uniform lμm layer of lubricant deposited on two different spheres. The diameter of a 10μm sphere is then increased to 12μm whereas a 350μm sphere is increased to 352μm. The relative increases are thus 20% and 0.6%. The effect of a longer mixing time on the M50% in aspirin tablets therefore represents the lack of restraint to Avicel splitting apart on hydration. In the paracetamol tablets this action probably had a similar effect but was overshadowed by the additional hydrophobic barrier of the lubricant. 

Increasing the starch concentration had no significant effect on the paracetamol tablets but resulted in a shorter M50% in the aspirin tablets, (Tables 4.6 and 5.5b). The same arguments relating to the effect of the mixing time on the M50% also apply to the effect of starch in the formulations. An increase in the starch concentration has been shown to reduce the tensile fracture stress of tablets containing either drug. The M50% might therefore be expected to fall, as happened in the aspirin tablets. The porosity of paracetamol tablets was greater than that of the aspirin tablets, which meant that there was a less continuous matrix for penetrating liquid to follow. The reduction in strength with a higher starch concentration was therefore less effective than the lack of matrix continuity in the penetration of liquid into the paracetamol tablets. 

Raising the compaction pressure resulted in a longer M50% for both drugs, (Tables 4.6c and 5.5d). The M50% of the aspirin tablets again followed the tensile fracture stress with a greater increase between the lower pressures than the higher. The increase in M50% in the paracetamol tablets was similar to the aspirin tablets between 100 MNm-2 and l50MN m-2 . Between l50MN m-2 and 200MNm-2 the increase in the M50% of paracetamol tablets was greater than that of the aspirin. This simply reflects the change in tablet strength with both drugs, (Tables 4.4d and 5.3c). 

6.5 The Dissolution Rate. 

The time for 90% of the drug to be released (T90%), has been used to represent the drug dissolution rate. A longer T90% thus represented a slower rate of drug release from the tablet. 

The only treatment which had a significant effect on the T90% of both the aspirin and paracetamol tablets was the starch concentration, (Tables 4.7 and 5.6). In both cases the T90% was reduced by a similar time when the starch level was raised, (Tables 4.7a and 5.6a). The usual explanation for a more rapid drug dissolution in the presence of a higher disintegrant concentration is that the drug particles in a tablet are more efficiently separated allowing access of the solvent to the drug. In a directly compressed tablet, i.e. a tablet not formed from a prior granulation process, disintegration is largely confined to the initial stages of a dissolution test. This manifests itself as a plateau or low gradient slope at the start of a profile of the percent dissolved against time. In the tablets examined in this study there was little to distinguish the tablets containing a higher starch concentration from a lower concentration with regard to this initial phase of dissolution, (Figures 3.2 to 3.17, batches 7-12 and 19-24 contain more starch). The porosity of the tablets was such that a volume expansion of the starch grains may have been absorbed by the available void space within the tablets. The dissolution profiles and the porosity suggest therefore that the disintegrant action of starch was unlikely to account for the shorter T90% with a greater concentration of starch in the tablet. The surface interaction between the starch and the drug has therefore been postulated to account for the action of starch in these tablets. The most striking example of the similarity between the ratio of starch to drug surface area and the T90% is shown in Table 4.10. It has been suggested that the starch acts as a bridge, for the solvent, over the hydrophobic barrier of the drug surface. Undoubtedly there will be an element of the volume expansion of starch breaking up the tablet structure and perhaps the inability of starch to bond to other surfaces (Hess 1978) but not as mechanisms which controlled the dissolution rate. 

A change in the mixing time had a significant effect only in the aspirin formulations, (Tables 4.7 and 5.6). A longer mixing time resulting in a shorter T90% i.e. a more rapid dissolution rate, (Table 5.6b). Likewise the effect of a greater compaction pressure produced a significant increase in the T90% of aspirin tablets but not in paracetamol tablets, (Tables 4.7, 5.6 and 5.6c). Both of these treatments were probably dependent on the rate of liquid penetration and therefore (Section 6.4) on the tablet, strength. If the starch/drug interface is considered to act as the controlling mechanism for the wetting of the drug and the initiation of dissolution, then the rate at which the solvent reaches the starch ) becomes a necessary first step. The M50% in the aspirin tablets was shorter than that in the paracetamol tablets, (Grand Means Tables 4.6 and 5.5), and related to the tensile fracture stress, (Figure 5.1). It was probably the latter relationship which caused the effect on the T90% of the aspirin tablets. A longer mixing time 1 reducing the tensile fracture stress, leading to a more rapid liquid ingress and thus a shorter T90%. Similarly with the compaction pressure, a higher pressure produced stronger tablets which were not penetrated as easily by the liquid, leading to a slower rate of dissolution. In the paracetamol tablets these effects were masked by the slower penetration rate and the smaller size of the drug particles. The dissolution of the drug on the outside of the tablet possibly taking place well before the solvent had fully penetrated the tablet.

6.6 Conclusions.

The quantitative prediction of tablet parameters has not been attempted in this study. The reason for this omission was that the effect of a given change on a tablet depends on the mechanisms acting under a particular set of conditions. Equations relating the various treatments would be inapplicable even with small changes in the formulation whereas those changes might only influence the relative dominance of the underlying mechanisms. The variation in dominant action was especially noticeable with the distribution of magnesium stearate during prolonged mixing, when the effective mechanisms may have been a reduction in bond strength, a reduction in electrostatic particle interactions or an increase in surface hydrophobicity. Thus, in the presence of large, hydrophobic particles the dominant mechanism was that of a reduction in bonding. Where smaller, electrostatic particles were present, the interference in bonding was offset by an increase in particle surface, the net result being tablets of similar strength. The difference in the balance of mechanisms led to different effects when there was a tablet/liquid interface. With larger drug crystals liquid penetration depended on the tablet strength but with the smaller drug particles penetration depended more on the additional hydrophobic component of the lubricant than its effect on strength. This balance in mechanisms carried through to the effects of mixing on the T90% although this was much less important than the effect of increasing the starch concentration. Thus, the mixing time only had a significant effect on the T90% in the aspirin tablets where the tablet strength was reduced but with little additional hydrophobic effect. Starch levels had a similar effect in both aspirin and paracetamol tablets. An increase produced its most pronounced effect on the T90%, but also had minor effects on the tablet strength. The T90% and tensile fracture stress were both reduced, the latter as a result of the difference in compression characteristics between the starch and Avicel. A novel mechanism has been proposed to account for the action of starch in drug dissolution. The surface interaction between starch and drug, whereby the starch acted as the initiator for wetting the drug crystals, offered a suitable explanation of the observed responses. The effect of altering the drug particle size produced significant responses only within the paracetamol formulations where the relative difference in particle size was much greater than in the aspirin formulations. However some of the effects were continued as trends, i.e. no difference was observed within the aspirin formulations but the effect of larger drug particles was apparent in the sequence; small paracetamol < large paracetamol < aspirin. This was exemplified by the decrease in porosity and the coefficient of tablet weight variation with an increase in the drug particle size. An increase in compaction pressure produced a greater effect between 100 and l50MNm-2 than between 150 and 200MNm-2. This non-linear response was indicative of an incipient tendency to lamination, which became apparent in the friability testing of the paracetamol tablets, where some tablets broke apart during testing. There was a decrease in tablet porosity and an increase in strength and M50%, when the compaction pressure was raised. The T90% was not greatly affected by the compaction pressure, the only change being shown between the two lower pressures in the aspirin formulations. The effect of increasing the compaction pressure was to increase particle proximity and therefore bonding. Hence, the tablet strength was increased and liquid penetration made more difficult, the latter arising from the lower porosity and a reduction in the ability of Avicel to split apart on hydration due to the more rigid tablet structure.

6.7 Further Work.

6.7.1 General Considerations.

The systems involved in producing a biologically effective tablet are known to be a complex set of interacting variables. This study has been addressed to a small subset of those variables. One major area which has been omitted is the extension to in vivo studies. Indeed, the application of a factorially designed experiment concentrated on biological and tablet manufacturing variables may provide some insight into the problem of in vitro/in vivo assessment of any dosage form. 

There are many facets of the present work which would merit further examination. One of the most obvious would be an expansion of the levels, and possibly the number, of treatments which would enable predictive formulae to be established. This could be either as polynomial expressions relating the treatments to the response, or as response surface maps. 

The main result of this work has been to explore the mechanisms influencing a direct compression formulation, and, more importantly, the effective balance of those mechanisms on measurable tablet characteristics. The first step was the establishment of modes of action in simple model systems. Thus, the spreading of magnesium stearate during mixing has been examined by Lerk et al. (1982) and others, the response of Avicel to hydration has been examined by Fukuoka et al. (1983) and dissolution theories derived by Nernst and Brunner (1904). Most of the mechanisms invoked here were based on past work. The approach adopted here however, represents the second step, that is the interaction of those mechanisms in a tablet. The final step would be an understanding of the factors influencing the relative balance of the basic mechanisms. For this to be achieved, and therefore to predict tablet characteristics from a knowledge of the materials and their processing, a much wider base is required of /balance of mechanisms/ data than is presented here. The detailed considerations in the following section cover some of the work which would be necessary to extend this database, as well as filling some of the gaps in understanding the basic mechanisms. 

6.7.2 Detailed Considerations. 

Starch, in one form or another, is the most widely used tablet disintegrant. It is therefore surprising that its mode of action has not yet been completely elucidated. In this study a novel mechanism has been proposed whereby the action of starch as a disintegrating agent is considered as a subsidiary factor to its ability to promote wetting of the drug crystals. Undoubtedly this proposition requires further scrutiny. A clear distinction might be expected between wet granulated tablets, (where starch may be used as a binder and a disintegrant), and directly compressed tablets, (where the binding properties tend to be less important). 

The role of disintegration as a precurser to dissolution has largely been circumvented in this study by considering the dissolution and the liquid penetration. There remains an element of doubt as to the action of starch in the tablets. Unfortunately an adequate representation of a given batch of tablets could not be made using standard tests. Thus, although it has been shown that a disintegration test does not necessarily provide an indicator of the rate of dissolution of a drug, it may equally be argued that a dissolution test does not adequately predict in vivo absorption. with suitable modification, as in a dissolution test, it may be possible to use a disintegration test to predict the in vivo behaviour of a dosage form. This might be expected to be more fruitful when applied to less homogenous tablets, i.e. those made from granules rather than tablets based on a more homogenous matrix structure. A similar experimental design based on granulated tablets might therefore usefully employ a disintegration test, particularly if the level of discrimination in the test was similar to the granule size. 

The measurement of tablet strength in this study has been concentrated on the tensile fracture stress and friability. It has also been found that the reciprocal of the friability mirrored the tensile fracture stress. The only problem occurred where tablets broke during the friability test. This has been taken, along with non-linear responses to an increased compaction pressure, to indicate that a degree of weakening of the tablet structure had taken place. Alternative measurements of tablet strength such as the work of failure, might provide a clearer insight into the relatively extreme state of incipient lamination, but require more sophisticated tablet machine instrumentation than available in this study. Other indices such as the brittle fracture propensity (Hiestand et al. 1977) might also be useful although a clarification of the basic mechanisms involved in the strength and formation of bonds between particles under stress would be a great step forward in understanding the process of tabletting. 

The structure of a tablet made by a granulation process will be different from a direct compression formulation. The manufacturing process, particularly in wet granulation, is much more complex, (Table 1.1). As many tablet formulations are still made by wet granulation, a rigorous examination of the variables involved by means of a similar experimental design to that employed here would be useful in formulation design. The granulation process would be an obvious starting point, although, to keep the scope of the experiment within bounds, the characteristics of the granules might be a more feasible approach. This might include such factors as the granule strength and size distribution, as well as its constituents. A division of the experiment into those factors affecting the characteristics of granules and those parameters of the granule which influenced tabletting, would provide an alternative approach. 

A novel method of assessing liquid penetration into tablets has been used in this study, (Section 2.8). This is an important area in understanding the dissolution of tablets, as it is the first step in bringing a solvent into contact with a drug particle in a tablet. Admittedly the relevance of liquid penetration is restricted to those tablets which are not “blown apart” by the inclusion of “super” disintegrants, but where liquid ingress is restricted, even these disintegrants may be inhibited. The rate of liquid penetration has been examined by several authors such as Buckton and Newton (1985) and Lerk et al. (1979) but there remains scope for further study particularly in the area of penetration in cases where the surface energy has been altered e.g. by the presence of other ingredients or by mechanical processes. The situation is complicated by the response of excipients to hydration. Simple capillary models have been shown to break down when pore sizes change during hydration, (Fukuoka et al. 1983). An examination of the liquid uptake characteristics of a range of tablet formulations, in terms of both the rate and extent of penetration would therefore provide a basis for considering the dissolution of drugs in tablets which do not follow the classical dissolution theories. 

The effects of the mixing process on tablets has been closely examined in this study using in particular, the well established assumption that surfaces were coated with magnesium stearate with a longer mixing time. Whilst this was undoubtedly the major action of an increase in mixing, the effect on the interaction of other excipients has been neglected. Mixing is a fundamental pharmaceutical process which deserves further attention. It would be especially useful if firm correlations could be established between the various mixers, obviously with due consideration to the materials being processed. More generally, the mechanics of powder interactions, either as loosely joined or as bonded agglomerates, remains poorly understood. 

The use of other excipients in a study of this type might be expected to show considerable differences in tablet characteristics. For example substituting the Avicel for an excipient which bonds with brittle fracture, (such as dicalcium phosphate), would reduce the effects of lubricant spreading. A non-shearing lubricant, (such as PTFE), might assist in understanding the mechanisms of lubricant action within the formulation. Changes in the formulation, the drug or the proportions of the ingredients would all contribute to a knowledge of the relative importance of the balance between the basic mechanisms. 

There will be a contribution in any experiment from the equipment and test methods employed. The USP dissolution test is known to be susceptible to variations in apparatus (Cox et al. 1982). Changes in the operating conditions, such as the stirring speed, also influence the measured rate of dissolution from a tablet. Alternative testing methods may result in equally strong influences. The problem with dissolution testing is that of conflicting aims. It is a means of modelling the release of a drug from a dosage form and a means of assessing the initial in vivo behaviour of the dosage form. These aims are compatible only when a strong in vitro / in vivo correlation has been established. It is from this point of view that the dissolution test should be examined, although this might conflict with the commercial development of a tablet. As with the mixing process it would be useful if correlations between different techniques and apparatus used for dissolution testing could be established. In this context the work of Grijseels (1981) on hydrodynamic conditions may represent one way forward. 










