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ABSTRACT 

Characterisation of Polymorphic, Pseudopolymorphic and Amorphous 

Forms of Roxithromycin 

Roxithromycin is a relatively new, semisynthetic, macrolide antibiotic and an ether 

oxime derivative of erythromycin A, consisting of a ICmembered, macrocyclic, lactone 

ring. Roxithnrmycin has proven clinical efficacy in upper - and lower respiratory 

infections, ski - and soft tissue infections, urogenital - and orodental infections. 

Few literature was available on the physicochemical properties of roxithromycin during 

this study, whilst no documentation on polymorphism, pseudopolymorphism or 

amorphism of roxithromycin was found. 

The aim of this study therefore was to investigate the possibility of polymorphism, 

pseudopolymorphism, and amorphism within roxithromycin, and to identify and 

chamcterise those crystal forms being recrystallised during the study. 

Various solvents were hence used to crystallise different roxithromycin crystals, by 

means of two recrystallisation methods. 

These crystals were then characterised, using X-ray powder diffiactometry (XRF'D), 

differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), infrared 

spectrophotometry (IR) and thermomicroscopy (TM). 

The solubility of the various crystal forms were investigated in three media: phosphate 

buffer (pH 6), 0.1 N HCI and water. Dissolution studies were also performed in a 

phosphate buffer (pH 6) medium. 

The results that were generated from these studies clarified the hypothesis that 

roxithromycin does indeed exist in polymorphic, pseudopolymorphic and amorphous 

forms. 

Six different forms were identified and classified into two groups. Group I (true 

polymorphs): Form A (stable, high melting point crystal form), Form B (amorphous, 

low melting point form), Form C (stable, mid-melting crystal form), Form E (mixture of 

two crystal forms, i.e. a low melting point Form EL and a high melting point Form EH), 



and fmally Form F (low melting point Form FL that transformed into a mid-melting 

point Form F~,due to exposure to an increase in temperature, which further transformed 

into a high melting point Form FH with a further increase in temperature). Group II 

(pseudopolymorphic forms): Form D (amorphous, chloroform-solvated form). The 

solvents from which these forms were recrystallised were DMSO, ethyl acetate, THF, 

dichloromethane, acetonitrile and chloroform, respectively. The dissolution studies 

posed some difficulties during preparation of some of the samples. Gels formed during 

vortexing of some samples and no accurate results could be obtained, due to subsequent 

poor transferability into the dissolution vessels. 

The poor dissolution results necessitated the performance of solubility studies. The 

solubility results followed the same pattern throughout the study, i.e. phosphate buffer 

(pH 6) > 0.1 N HCI > water, except for Form EL, where the order was 0.1 N HCl > 

phosphate buffer (pH 6) > water. 

Since roxithromycin is a hydrophobic molecule, with no free hydroxyl groups, it 

explained its poor wettability and poor solubility in water. 

To conclude: Roxithromycin possesses the ability to recrystallise into polymorphic, 

pseudopolymorphic and amorphous forms. Six forms were identified and classified. 

Gel formation of roxithromycin during dissolution and its poor wettability should be 

duly considered during preformulation and manufacturing. 



UITTREKSEL 

Karakterisering van Polimorfiese, Pseudopolimorfiese en Amoriiese 

Vorme van Roksitromisien 

Roksitromisien is 'n relatief nuwe, semisintetiese, makrolied antibiotikum en eter- 

oksiem, afgelei vanuit eritromisien A. Hierdie makrolied bestaan uit 'n 14-lid, 

makrosikliese laktoonring. Roksitromisien toon kliniese effektiwiteit teen boonste- en 

onderste lugweginfeksies, vel- en sagteweefselifeksies, asook urogenitale, mond- en 

tandinfeksies. 

Weinig literatuurverwysings oor die fisies-chemiese eienskappe van roksitromisien was 

tydens die studie beskibaar. Geen literatuurverwysings, rakende die polimorfiese, 

pseudopolimorfiese of amorfiese gedrag van roksitromisien, is egter gevind nie. 

Die doe1 van hierdie studie was dus om die moontlike bestaan van polimorfiese, 

pseudopolimortiese en amorfiese gedrag van roksitromisien te ondersoek. Verder, 

indien enige kristalvorme ge'identifiseer sou word, die kristalvorme te karakteriseer 

volgens verskille in fisies-chemiese eienskappe. 

Verskillende organiese oplosmiddels is dus gebruik, waaruit verskeie 

roksitromisienkristalle gerekristalliseer is, dew van twee rekristallisasiemetodes tydens 

hierdie studie gebruik te maak. 

Die volgende metodes is tydens die karakterisering van die gerekristalliseerde vonne 

toegepas: X-straal poeierdiffraktometrie (XRPD), differensilile skanderingskalorimetrie 

(DSC), tennogravimebiese analise (TGA), i n h o o i  spektrofotometrie (IR) en tenniese 

mikroskopie (TM). 

Die oplosbaarheid van die verskillende kristalvonne is in fosfaatbuffer (pH 6) -, 0.1 N 

HCI e n  watermedia ondersoek. Poeierdissolusies is uitgevoer in 'n fosfaatbuffer (pH 

6) medium. 

Die resultate wat tydens hierdie studie genereer is het die hipotese, dat roksitromisien 

oor polimorfiese, pseudopolimortisme en ook amorfiese gedrag beskik, gestaaf. Ses 

verskillende roksitromisienvorme is ge'identifiseer en in twee groepe geklassifiseer. 



Groep I (ware polimorfiese vorme): Vorm A (stabiele, hci? smeltpunt kristalvorm), 

Vorm B (amorfe, lae smelpuntvonn), Vorm C (stabiele, middelsmeltpunt kristalvorm), 

Vorm E (mengsel van Wee vorme nl., 'n lae smeltpunt Vorm EL en 'n h& smeltpunt 

Vorm EH), en laastens Vorm F (lae smeltpunt Vorm F ,  wat by blootstelling aan 

verhoogde temperatuur 'n transformasie na 'n middelsmeltpunt Vorm FM ondergaan 

het, wat op sy beurt weer na 'n hci? smeltpunt Vorm FH transhmeer het by verdere 

verhoging in temperatuur). Groep I1 (pseudopolimorfiese laistalvorme): Vorm D 

(amorfe chloroformsolvaat). Die oplosmiddels waamit bogenoemde vorme berei is, 

was in die volgorde: DMSO, etielasetaat, THF, dichloormetaan, asetonitriel en 

chloroform. 

Tydens voorbereiding van die vorme vir poeierdissolusies het jelvorming in die 

proefbuis, as gevolg van steuring van die proetinonster dew te vorteks, probleme 

opgelewer. Sodoende kon geen akkurate dissolusieresultate verkry word nie, weens 

gevolglike swak monsteroordrag na die dissolusiebakke. 

Hierdie dissolusieprobleme het die uitvoer van 'n oplosbaarheidstudie genoodsaak. Met 

die uitsondering van Vorm EL waar die oplosbaarheid in 0.1 N HCI ho&r was as in 

fosfaatbuffer (pH 6), was die oplosbaarheid van roksitromisien in die drie oplosmiddels 

as volg: fosfaatbuffer (pH 6) > 0.1 N HCI > water. Aangesien roksitromisien 'n 

hidrofobiese molekuul is wat oor geen vry hidroksiel groepe beskik nie, verklaar dit die 

swak benatbaarheid en swak oplosbaarheid van roksitromisien in water. 

Om dus saam te vat: Roksitmmisien beskik oor die moontlikheid om as potimorfiese, 

pseudopolimorftese en amortiese kristalvorme te kristatliseer. Ses verskillende 

kristalvorme is geidentifseer en geklassifiseer. Jelvorming tydens voorbereiding vir 

poeierdissolusies, asook die swak benatbaarheid van roksitromisien moet in aanmerking 

geneem word gedurende preformulering en vervaardiging van hierdie middel. 
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AIMS AND OBJECTIVES 

Preparation and Characterisation of Polymorphic, Pseudopolymorphic 

and Amorphous forms of Roxithromycin 

Roxithromycin, an ether oxime derivative of erythromycin A, is a relatively new, 

semisynthetic, macrolide antibiotic. This complex macro-molecule consists of a 14- 

membered, macrocyclic, lactone ring. Roxithromycin has proven clinical efficacy in 

upper - and lower respiratory infections, skin - aid soft tissue infections, urogenital - 
and orodental infections. The continuously increasing interest in this antibiotic could be 

related to the pharmacokinetic profile of roxithromycin, which has a higher stability in 

an acid environment, thus the stomach environment, and better oral bioavailability, . 

compared to other macrolide antibiotics. 

Acclaimed resources, such as Analytical Abstracts, International Pharmaceutical 

Abstracts and Science Direct were consulted, but no information on polymorphism, 

pseudopolymorphism or amorphism within roxithromycin was found. Thus, the scope 

of this study was to investigate the hypothesis, stating that roxithromycin possesses the 

ability to crystallise into different polymorphic, pseudopolymorphic and amorphous 

forms. 

The following study objectives were set: 

(a) To investigate the physicochemical properties of roxithromycin raw material, 

applying various analytical techniques, such as x-ray powder difliactometry 

(XRF'D), infrared spectroscopy (IR), uv-spectrophotometry and differential 

scanning calorimetry (DSC). 

(b) To prepare different roxithromycin forms by means of two recrystallisation 

methods, using various organic solvents. 

xiii 



(c) To identify and characterise these recrystallised forms, according to their 

physico-chemical properties as polymorphic, pseudopolymorphic or amorphous 

forms, applying a representative set of characterisation methods. 

A further intent of this study was to provide a better understanding of the solid-state 

chemistry of this complex macrolide antibiotic, since such limited literature on the 

physico-chemical properties of roxithromycin was found. It was hoped that this study 

would initiate new research opportunities to contribute to a better perceptive of the 

solid-state properties of drugs. 

For it is only in the knowledge of the solid state and physicochemical properties of a 

drug that the effective and safe delivery of such in the human body could be achieved. 
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CHAPTER 1 

An Overview of Polymorphism 

1.1 Introduction 

Many pharmaceutical solids exhibit polymorphism which is frequently defined as the 

ability of a substance to exist as two or more crystalline phases, having different 

arrangements and I or conformations of the molecules in the crystalline lattice (Grant, 

1999: 1). Thus, in the strictest sense, polymorphs are different crystalline forms of the 

same pure substance, in which the crystal molecules have different arrangements and I 

or conformations. As a result, polymorphic solids have different unit cells and hence 

display different physical propertie< including those due to packing, as well as various . 

thermodynamic, speckoscopic, interfacial, and mechanical properties (Grant, 1999: 1-2). 

Brittain (1997:405) believes that it is important to monitor and control any defining 

characteristic that might affect the stability or availability of the drug substance in a 

solid dosage form. This emphasises the importance of the physical characterisation of 

solids in pharmaceutics. Brittain (1997:405) also proclaims the fact that studies on 

crystallography are sometimes carried out exclusively with the intention of determining 

possible variations in the structural aspects of solid forms of drugs. 

The physicochemical stability of a compound is an important issue to consider, 

especially during preformulation, but also during manufacturing. The effects of 

pharmaceutical processing activities on the crystalline state of polymorphic and solvated 

systems are of utmost importance to the industry. The transition between solid phases is 

an important aspect to consider in the development of a dosage form, since the presence 

of a metastable phase during processing, or in the final product, often leads to 

instability, with possible bio-availability consequences (Rodriguez-Homedo & Wu, 

1991:643). It is desirable and customary to initially choose the most stable polymorphic 

form of the drug and to control the crystal form during the entire process of 

development (Rodriguez-Homedo et a[., 1992:161). 

Bym et al. (1994:1148) provided a series of useful definitions, describing the 

characteristics of the various solid forms in which a given drug substance may exist. 

They defined compounds to be either polymorphs, solvates, desolvated solvates, or 



amorphs, the latter being solid forms without any long-range molecule order. These 

terms will be thoroughly explained later in this chapter. Polymorphs are understood to 

exhibit an identical chemical composition, but differ in crystal structure. Solvates are 

forms that entrap solvent molecules in the crystal lattice. When the solvent is removed 

from a solvate, while still retaining its original crystal shucture, the form is referred to 

as a desolvated solvate (Bym et al., 1994: 1148). 

The Food and Drug Administration (FDA) requires that analytical procedures be used to 

detect polymorphic, hydrated, or amorphous forms of the drug substance (Bym et al., 

1992945). Therefore, a full evaluation of possible variations in crystallography that 

might be encountered, is now essential for the development of a new drug compound 

(Brittain, 1997:405). 

Byrn et al. (1995:946) conshucted a flow chart that systematically explains the steps in 

studying polymorphism (figure 1 .I): 

DRUGSUBSTANCE 

Polymorphs 
discovered? 

Single Morphic form 
Q u a l i e  mntrol 
(e.g. DSC or XRD) 

Solvents 

D i r e n t  
mncenbatbn. 

(d-t polarity) 
MIY temperature. - Stabil@ (chemical 6 D N Q  wbQtanae Mixture of forms 
a g m n ,  pH physiw) mmposinan? Quanta% unbol - Wuhlily pmm? (e.g. XRD) 

Tesk fcf wkmow - Mowhobw of crystals 
- XRPD - Calorimelrk bahavDur 

- % RH pmfik Manitor poiymorph - DSC 
~memmanawl 

in stabirty s t u d i i  

methods) 
- M i i p y  - IR .. . 
-Solid state NMR 

Does it Clystellii? How7 When? 

Figure 1.1 Flow chart 1 decision tree for polymorphs (Byrn et al., 1995:946). 

Different physical properties of a polymorphic form can result in different formulation 

methods, and they may influence the decision in choosing the most effective dosage 



form, as well as the stability during storage and pharmaceutical pmsses,  i.e. grinding, 

or exposure to changes in temperatures. 

1.2 Polymorphism 

Polymorphism can influence every aspect of the solid-state properties of a drug. 

Through many years of research on the characterisation of polymorphs, it has been 

established that organic molecules are capable of forming different crystal lattices, 

through two mechanisms. Firstly, packing or configuatronal polymorphism, where 

conformationally, relatively rigid molecules, can be assembled into different, three- 

dimensional structures, through the invocation of different intermolecular mechanisms. 

Secondly, conformational polymorphism, which arises when a non-conformationally, 

rigid molecule, can be folded into different arrangements, which can subsequently be 

packed into alternative crystal structures (Vippagunta et al., 2001:7). 

1.21 Types of polymorphism 

Differences in their thermodynamic properties have classified polymorphs as either 

enantiotropes or monotropes, depending upon whether one form can transform 

reversibly into another, or not. If a reversible transition between polymorphs is possible 

at a definite transition temperature below the melting point, it is known as an 

enantiotropic system. In the monotropic system, however, no reversible transition is 

observed between the polymorphs below the melting point (Vippagunta et al., 2001:6- 

7). 

From another point of view, figure 1.2 points out that two polymorphs can both be 

stable at different temperature and different pressure ranges. Such polymorphs are 

regarded as enantiotropes, whilst the system for the two solid phases is said to be an 

enantiotropic system. Conversely, the phenomenon, where only one polymorph is 

stable at a given temperature range below the melting point, also occurs. Such 

polymorphs exist in a monotropic system and are referred to as monotropes. All the 

other polymorphs are. hence unstable, and exhibit the higher free energy curve and 

solubility at that specific temperature range (Grant, 1999:18-19). 



Figure 1.2 )ts of the Gibbs f k e  energy, G and-th le enthalpy, H at constant 

pressure, in relation to the absolute temperature, T, for a system 

consisting of two polymorphs, 1 and 2 (or a solid, 1 and a liquid, 2). T, is 

the transition temperature (or melting temperature) and S is the entropy 

(Grant, 1999: 16). 

Burger and Ramburger (as quoted by Vippagunta et al., 2001:6) developed four rules to 

qualitatively determine the enantiotropic, or monotropic nature of the relationship 

between polymorphs. These rules are the heat of transition rule, heat of fusion rule, 

infrared rule and density rule (Vippagunta et al., 2001:6). The use of these rules is 

illustrated in figure 1.3, where the liquid phase, as well as the two polymorphs are 

included. 



Figure 13 Plots of the Gibbs free energy, G and the enthalpy, H at constant 

pressure, in relation to the absolute temperature, T, for a system 

consisting of two polymorphs, A and B, and a liquid phase, 1. T, is the 

transition temperature, T/  is the melting temperature, and S is the entropy 

for (a) an enantiotropic system and @) a monotropic system (Grant, 

199920-21). 

The next goal is to determine the thermodynamically stable (or metastable) domain of 

each crystalline phase as a function of temperature. Quantitative information on the 

stability relationship of polymorphs are best given by the plot of the Gibbs 6ee energy 

difference, AG, in relation to the absolute temperature, T, where the most stable 



polymorph has the lowest Gibbs free energy. Using pressure versus temperature plots is 

another approach to establish the order of stability among various polymorphs. 

Accordingly the stable polymorph exhibits the lowest vapour pressure (Vippagunta et 

a!., 2001: 6-7). 

According to Haleblian and McCrone (1969:920), it is not necessarily true that the 

melting point and transition curves intersect at high pressures, although it is possible. In 

this case, it is interesting to note that the enantiotropic system becomes a monotropic 

system and vice versa. The term enantiotropic can be used only when the transition 

temperature has been found to be below the melting point. The converse, i.e. no 

transition temperature below the melting point, does not necessarily imply that the 

system is monotropic, since the transition temperature may be below room temperature 

(or below the lowest temperature studied), or it may have been unobserved, because of a - 
slow transition. They further state that there is no absolutely safe generalisation, 

relating enantiotropy and monotropy to the properties of the polymorphs, except for 

locating the transition temperature. This is best done by direct observation, but it may 

be done indirectly by measuring vapour pressure, or solubility curves on the two forms, 

since both sets of curves cross at the transition temperature. The form that is stable at 

lower temperatures often has the higher density, whilst the form that is stable at the 

melting point, always melts at a higher temperature, and it has a lower solubility and a 

lower vapour pressure at that particular temperature. 

Haleblian and McCrone (1969:920) descnid  the free energy-temperature diagrams at 

constant pressure as another, perhaps clearer way, of showing phase diagrams. The 

reason being that, as was previously mentioned, the phase having the lowest free energy 

at a given temperature is always the stable phase at that temperature. These diagrams 

are based on the thermodynamic relationship: 

The free energy, F, plotted against the temperature, Tat  constant pressure, P, gives a 

curve for each phase, the slope ofwhich at any temperature will be the entropy S. 

Figure 1.4 shows hypothetical phase diagrams for enantiotropic and monotropic 

systems. The diagrams for systems, giving three or more polymorphic forms, can be 

plotted in the same way. Figures 1.5 and 1.6 show schematic P-Tand F-Tdiagrams for 



HMX (cyclotetramethylene tetranitramhe). Both curves are based on measured 

transition temperatures at atmospheric pressure (Haleblian & McCmne, 1969:920). 

Figure 1.4 Free energy-temperature curves for (a) enantiotropic and (b) monotropic 

systems (Haleblian & McCmne, 1969920). 

Figure 1.5 Pressure-temperature diagram for HMX. The diagram is only 

qualitatively correct, except for the intersections on the I-atm, pressure 

line, which are measured points (Haleblian & McCmne, 1969920). 



Figure 1.6 Free energy-temperature diagram for HMX. The intersection 

temperatures are measured points, whereas the actual slopes are 

unknown (Haleblian & McCrone, 1%9:920). 

1.3 Pseudopolymorphism 

By definition a pseudopolymorph is a polymorph that differs from a true polymorph, 

due to the incorporation of a solvent (Byrn et al., 1999:5 14). 

1.3.1 Solvates 

Solvates, also classified as pseudopolymorphs, are crystalline solid adducts, containing 

solvent molecules within the crystal structure, in either stoichiometric, or 

nonstoichiometric proportions (Vippagunta et al., 2001 :4). 

"Often, when solvents are employed in the purification of new drug substances by 

recrystallisation, it is observed that the isolated crystals include solvent molecules, 

either entrapped within empty spaces in the lattice or interacting via hydrogen bonding 

or van der Waals force with molecules constituting the crystal lattice. Solvent 

molecules can also be found in close association with metal ions, completing the 

coordination sphere of the metal atom. Coordinated solvent molecules are considered 

as part of the crystallised molecule" (Guillory, 1999:205). 



Bym (1982:6-9) classified the solvates into two groups, namely, polymorphic solvates 

that transform into another crystal form, having a different X-ray powder difhction 

pattern upon desolvation, wliile solvates that remain in the same crystal form, having a 

similar X-ray powder diffraction pattern, are pseudopolymorphic solvates (Kristl et al.. 

1996:234). 

A study on dirithromycin by Bym et al. (1995:949), showed that infrared spectroscopy 

(IR) and nuclear magnetic resonance spectroscopy w) is useful for the 

identification of the different crystal forms of dirithromycin. They also affirm 

thermogravimetric analysis (TGA) to be a powerful method of analysis of solvates. 

According to them, TGA, in combination with either of the other methods, is an 

unequivocal method for the verification of the existence of solvates. 

Desolvation usually involves a change during exposure to increased temperatures, 

which makes DSC another good method to detect solvates, when combining it with 

NMR and TGA (Bym et al., 1995949). 

1.3.2 Desolvated solvates 

When the crystal retains the structure of the solvate after the solvate has been 

desolvated, it is referred to as a desolvated solvate. Desolvated solvates are less ordered 

than their crystalline counterparts, and are therefore difficult to characterise. They are 

indicated as unsolvated materials, when, in fact, they have the structure of the solvated 

crystal form from which they have been derived (Bym et al., 1995:95 1). 

Byrn et al. (1995:951) postulated three observations in which to determine whether one 

is dealing with a desolvated form: 

1.) The form can be obtained from only one solvent; 

2.) Qn heating the form converts into a structure known to be unsolvated; and 

3.) The form ha. a particular low density, compared to other forms of the same 

substance. 

Analytical techniques used for the characterisation of desolvated forms include: (1) 

Single crystal X-ray structure determination in the presence of recrystallisation solvent 



from the crystallisation; (2) comparison of the X-ray powder dillkction patterns and 

solid state NMR spectra of the solvated vapour pressure isotherm, by varying the 

vapour pressure of the specific solvent involved (Bym et al., 1995:951). 

Desolvation can very easily be conked  with polymorphism. The darkening of a 

crystal, when exposed to heat on a microscope hot stage, and observed by transmitted 

light, is due to the breaking up of crystals, and light scattering by the new air-crystal 

interfaces. This occurrence is reproduced, when a crystalline solvate gives off 

crystallisation solvent on heating (Haleblian & McCrone, 1969:927). 

In addition to the above tests, Haleblian and McCmne (1969:927), reported a 

microscopic procedure to differentiate between these two phases. The heating test is 

repeated, with the crystals completely beiig immersed in a liquid, immiscible with the 

possible solvent of crystal!isation under a cover plate. If desolvation is involved, heat 

will produce the desolvated solid, as well as a liquid droplet (gas evolution) of the 

solvent. If on the other hand no liquid phase appears until the final melting point, 

polymorphism is involved (Haleblian & McCrone, 1969:927). 

1.33 Hydrates 

If the incorporated solvent is water, a solvate is named a &&ate (Vippagunta et al., 

2001:4). 

Crystalline hydrates appear in three categories, namely isolated site hydrates (class I), 

channel hydrates (class 2), and the ionassociated hydrates (class 3). 

w: Water molecules are isolated h m  direct contact with other water 

molecules by intervening drug molecules, e.g. cephradine dehydrate. 

m: Water molecules, included in the lattice, lie next to other water 

molecules of adjacent unit cells, along an axis of the lattice, forming 

channels through the crystal, e.g. ampicillin trihydrate. 

m: Metal ions are coordinated with water, e.g. calteridol calcium 

(Vippagunta et al., 2001:15). 



The formation of crystalline hydrates is a common phenomenon, beiig found among 

approximately one-third of pharmaceutically active substances. 

The water molecule is very small and can easily fill structural voids. It is also ideal for 

linking a majority of drug molecules into stable crystal structures, because of its 

multidirectional, hydrogen-bonding capability. The mere presence of water in a system 

is not reason enough to expect hydrate formation, since some compounds, although they 

are water-soluble, do not form hydrates. Determining whether a given hydrate structure 

will form is based on the activity of water in the medium (Vippagunta et 01.. 2001:15). 

The preparation of hydrates is similar to that of polymorphs, except for the inclusion of 

solvent-water mixtures to maximise the probability of hydrate formation. According to 

Byrn et al. (1995:949) the latter statement signifies a significant change in water 

content, as is indicated by the % rejative humidity (RH) moisture profile, and should 

thus be examined for the possibility of a hydrate (Bym et al., 1995:949). 

Whether differences in physical properties of hydrates exist, it is possible in some cases. 

When looking at the dissolution profile of theophylline, as is illustrated in figure 1.7, it 

is clear that the anhydrate reaches a much higher solubility in water, and on extended 

exposure it recrystallises into the less soluble hydrate (Bym et al., 1995:950). 

Figure 1.7 The dissolution-time curves for anhydrous and hydrated theophylline in 

water at 25°C. The two types of open circles represent successive 

experiments (Bym er al., 1995:950). 



1.4 Amorphous forms 

Polymorphism refers to different crystalline forms, but no real crystal is perfect, which 

is manifested in disorder. These disordered arrangements of molecules result in an 

amorphous material. Amorphous forms are sometimes regarded as polymorphs, 

however, they are not crystalline. Because of the socalled disordered arrangements of 

molecules, amorphous solids do not have any distinguishable crystal lattice, or unit cell, 

and consequently have zero crystallinity. An amorphous material lacks long-range 

order and only maintains some short-range order. The structure of an amorphous form 

can be viewed as similar to that of a frozen liquid, but without the thermal fluctuations 

observed in the liquid phase. As a result, the x-ray powder diffraction (XRPD) pattem 

is described as the classical diffuse "halo", in contntst with the sharp peaks exhibited by 

that of a crystalline substance (Guillory, 1999:208; Grant, 1999:s; Bernstein, 2002:253). 

Amorphous materials are generally more energetic than crystalline materials; hence, 

they tend to have higher solubilities and dissolution rates (Bemstein, 2002:253). These 

properties may even make an amorphous form advantageous over a crystalline one in 

the formulation of pharmaceutical products. Byrn et al. (1995:952) stated that there are 

some cases where the amorphous form is the only solid form with sufficient 

bioavailability. The presence of some amorphous material in a crystalline sample may 

therefore profoundly influence the properties of the material. 

In general therefore, we expect amorphous forms to be more soluble and hence, to 

exhibit higher dissolution properties than purely crystalline forms. This does not 

necessarily apply to all drug substances, however. In a study on rifampicin by 

Henwood el al. (2000: 408), two different groups of forms were reported. Forms A, B 

and E, which were identical to form 11, as reported by Pelizza et al. (1977:471), and 

forms C and D, which were found to include a substantial amount of amorphous 

material. After the measurement of the solubility and dissolution properties of 

rifampicin, Henwood et al. (2000:408) reported that, despite the higher solubility of the 

amorphous form, compared to that of form 11, the dissolution rate was reduced. The 

author explained this behaviour by referring to the electrostatic properties of the 

exhemely fine particles in the amorphous powders, which resulted in lump formation 

during dissolution testing (Henwood et d., 2000:403408). The differences in 

dissolution rates of the various rifampicin powders are shown in figure 1.8. 



Figure 1.8 Dissolution profiles of the different rifampicin powders in phosphate 

buffer pH 7.4 (Henwood et d., 2000:407). 

Amorphous forms can be prepared through spray drying, or 6eeze-drying. To 

determine whether an amorphous form was produced, the following analytical 

techniques can be used: (1) X-ray powder d i k t i o n  (XRF'D), where a broad hump 

between 2 and 20 '28 should confirm the existence of an amorphous form, whilst no 

peaks are expected. (2) Microscopy, where according to the USP (as quoted by Bym et 

al., 1999:952), it should be determined whether the material lacks birefringence. 

IR and solid-state NMR can also be used to detect an amorphous form, since the 

amorphous nature of the solid sometimes results in broad lines in the IR spectrum, 

whereas in the case of NMR, it results in altered relaxation times (Bym et al., 

1995:952). 

In the case of pharmaceutical materials the importance of amorphous solids stems from: 

1. Useful oromrties. Amorphous solids have higher solubilities, higher dissolution 

rates, and sometimes better compression characteristics than corresponding 

crystals. 



2. Instabihc Amorphous solids are generally physically and chemically less 

stable than corresponding crystals. 

3. Common occurrence. Amorphous solids can be produced by standard 

pharmaceutical processes and are the basic form of certain materials, e.g. of 

proteins, peptides, some sugars and polymers (Yu, 2001:28). 

According to Bym et al. (1999:952) amorphous forms have the ability to take up water 

more extensively. Yu (2001:28) stated that the capacity of amorphous forms to absorb 

water (hygroscopicity) is of great concern to pharmaceutical systems. 

Unintended crystallisation of amorphous forms can greatly affect the solubility and 

dissolution rate, and lead to other failures during formulation. It is therefore important 

to bear in mind that crystallisation does occur, and that ihformation on the parameters, 

involved in crystallisation, is essential. Theise parameters include exposure to heat and 1 

or humidity, or other factors, such as mechanical pressure and seeding, which can be 

inducive to crystallisation. 

The glass transition temperature, T& is another way to characterise amorphous forms. 

Bym et al. (1995:952-953) explained that a solid can transform from a glassy state into 

a more fluid-like, rubbery state, when heated to a temperature above Tg. Figure 1.10 

illustrates how indomethacin crystallises upon standing at room temperature. 

Obviously, formulations, containing amorphous indomethacin, are at significant risk to 

crystallise and thus become less soluble. This has lead to the preparation of dosage 

forms of indomethacin with an extended bioavailability. Another way to create 

amorphous forms is through the grinding process (Bym et al., 1995:952-953). 
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Figure 1.9 Flow chart for amorphous solids (Byrn et al., 1995:952). 

Figure 1.10 Behaviour of amorphous indomethacin upon standing: A at start; B 24 

h; C 24 h; D 7d; E 14d; F 30d; G 67d (Bym et al., 1995:953). 



1.5 The importance of solid-state properties of drug substances 

The solid-state study of drug substances plays an important role in the pharmaceutical 

industry and affects various areas, of which manufacturing, research, quality control, 

formulation and drug delivery, biopharmacy and dosage choice, are a few. 

According to Bym et al. (1999:4), the following aspects can be influenced by the 

shape and particle size of the solid drug substance: flowability, syringeability, 

filterability, tableting behaviour, and the bulk density of the drug. The authors further 

explained that the shape and size of the particles are generally related to the internal 

crystal structure of the solid, which may have a dramatic effect on the bulk properties 

of the drug, and may relate to the manufacturing and quality problems referred to 

above. 

- Information about the solid-state properties of pharmaceutical actives and excipients 

is essential and is usually obtained during preformulation. The solid-state properties 

may affect the compatibility of the pharmaceutical active with excipients, the 

compression of the pharmaceutical active and excipient mixtures into dosage forms, 

and the solubility and dissolution of the pharmaceutical active in the formulation. 

1.6 The basic concept of the crystalline state 

It is important to bear in mind the following general principles regarding the solid- 

state chemistry of drug substances: 

Most drugs are used in a crystalline form; 

Crystals are held together by molecular forces; 

The arrangement of molecules in a crystal determines its physical properties; 

The physical properties of a drug can affect its performance (Bym et al., 

19995). 

a) Forces responsible for crystal packing 

A crystal is by definition a highly ordered arrangement of the component molecules 

of a solid. This can be referred to as a single crystal, when the specific order is 



rigorously preserved, without intemption throughout the boundaries of a given 

particle. 

The forces that hold crystals together can be classified into two groups: Ionic bonds, 

which hold ionic crystals together, and non-covalent interactions, which hold organic 

crystals together. The latter interaction can further be divided into hydrogen-bonding 

and non-covalent attractive forces, which both result in the formation of a regular 

arrangement of molecules in the crystal (Bym et al., 19997-12). 

b) Different ways of crystallisation 

To this point it was explained that particles can differ in size. It is also possible, 

however, for particles to differ in shape. This occurrence is referred to as differences 

in mairphology. Differences in morphology are expected between different 

compounds, but it also occurs among batches of the same substance. It is then 

important to determine whether the differences are an indication of polymorphism, 

pseudopolymorphism or only habits. Bym el al. (1999:13) defmed these terms as 

follows: 

Polymorphs Two crystals that consist of the same chemical composition, but 

differ in internal structure (molecular packing) are polymorphic 

modifications, or polymorphs. 

Solvates Crystal forms that contain molecules of the solvent (regularly 

incorporated into a unique structure), in addition to containing 

molecules of the same given substance, are referred to as solvates. 

Habits When different samples of crystals consist of the same chemical 

composition and have the same crystal structure, but display different 

shapes, the crystals are said to have different habits. 

In a test, where different solutions of Bestradio1 were made in different solvents, 

various crystals of /3estradiol were formed (Bym et al., 1999:14). These crystals, 

shown in figure 1.1 1, were indeed different forms, among which solvates and two 

unsolvated forms are known. Conversely, with regards to aspirin, the different crystal 



forms had the same structure, therefore assuming different polymorphic forms (figure

1.12), but were only different habits of various aspirin crystals.
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c) Solid-state structure and pbarmaeeutieal bebaviour 

In the pharmaceutical industry it is of importance to know whether or not, and how, 

the properties of a certain drug vary with each of its solid-state forms. Table 1.1 

summarises some of the physicochemical properties related to the solid-state 

structure 0f.a given drug. 

Table 1.1 Properties of a compound that depend on structure differences (Bym et 

al., 1999:15) 

Relative density Water uptake Solid-state reactivity 
Hardness Optical properties Physical stability 
Cleavage Electrical properties Chemical stability 
Solubility Thermo-analytical properties 

Othei properties that are largely controlled by crystal habit and size distribution, are 

shown in table 1.2. These properties are directly, or indirectly, related to surface 

relationships (Byrn et al., 1999: 14). 

Table 1.2 Some areas where control of solid form and size distribution are 

important (Byrn et al., 1999:15) 

Yield Milling Dissolution 
Filtration Mixing Suspension formulation 
Washing Tableting Lyophilisation 
Drying Flowability 

1.7 Tbe crystallisation process 

According to Byrn (1982:4), the process of crystallisation is one of ordering. He 

further stated that these randomly organised molecules in a solution, melt, or gas 

phase, take up regular positions in the solid, which is responsible for the many 

different properties of crystals. 

Nucleation is the first step of crystallisation. Once the nuclei are formed, an 

equilibrium process exists. The equilibrium is between the solution and the solid- 

state. In the next step, nuclei grow into crystals by deposition of molecules on the 

crystal faces. A few parameters that control the rate of crystallisation are the 



concentration of the solution, the temperature, and the degree of agitation, or stirring 

of the solution (Byrn, 1982:4). 

1.7.1 Solubility 

Equilibrium is that point where the solid is neither dissolving, nor continuing to 

crystallise. Hence, equilibrium pertains to a state of saturation. Solubility is the 

concentration of a given solid substance, at which the solution of that substance is in 

equilibrium. Most of the methods of crystallisation depend on reducing the solubility. 

Table 1.3 lists the common crystallisation methods employed for pharmaceuticals 

(Byrn et al., 1999: 15). 

At this point it is necessary to clarify a few terms relating to the equilibrium state. - 
When the phenomenon of different crystal forms of a given drug substance exists, it is 

important to know'that only that form, which is the least soluble at a given 

temperature, is the most stable form at that particular temperature. All the other 

crystals are regarded as metartable fonns. Equilibrium of such a form is possible and 

should be taken notice of. 

Undersaturation refers to solutions with lower concentrations. More specifically, 

lower than the saturation value in which crystals will continue to dissolve. 

Saturation, as previously mentioned, is that state of equilibrium where the solution 

will neither dissolve crystals, nor let them grow. 

Supersaturation refers to solutions with concentrations higher than the saturation 

value that is required for the process of crystallisation (Byrn et a/., 1999:15-17). 



Table 13 Common methods for the production of solids in the pharmaceutical 

industry (Bym et al., 1999: 16) 

Evaporation (including spray drying and slurry fill) 
Cooling a solution 
Seeding a supersaturated solution with crystals of the desired form 
Freeze drying (including form mixed solvents) 
Addition of antisolvents 
Salting out 
Changing pH 
Addition of reagent to produce a salt or new compound 
Deliberate phase transitions during slurry, washing or drying steps 
Simultaneous addition of two solutions 

17.2 Nucleation 

a) himaw nucleation 

This is the first step in crystallisation from a supersaturated solution, and requires the ' 

assembly of a critical number of ordered molecules into viable nuclei. This critical 

number is the point of equilibrium and any assembly below, or above, will continue to 

dissolve, or grow, respectively. Figure 1.13 explains this occurrence (Bym et al., 

1999:17). 

Figure 1.13 Free energy changes (AG) that occur during nucleation, where AG* 

refers to the free energy at the critical number n* (Lieser, 1969207). 

b) Secondarv nucleation 

To overcome the factors affecting nucleation, the phenomenon, known as secondary 

nucleation, is applied. This involves further crystallisation, after initial crystals are 



formed. However, it sometimes has undesirable consequences, since it tends to 

produce excessive numbers of very small particles. Furthermore, the change in 

various parameters during crystallisation makes continuous control of the process 

extremely difficult. 

According to Bym et al. (199918), nuclei of different structures in polymorphic 

systems, can form and coexist in a given crystallisation, in which case a mixture of 

crystal forms may be found in the final product, when kinetic factors prevent 

achievement of equilibrium. This phenomenon is illustrated in figure 1.14, where a 

lack of control of the nucleation process leads to a lack of control of the polymorphs 

present (Bym et al., 1999:16-18). 

Figure 1.14 Uncontrolled crystallisation in a polymorphic system, showing the 

different polymorphs (top two panels), or the mixture of polymorphs 

(bottom panel), which can result, where S I  and SII are the solubility 

limits for Forms I and 11, respectively (Bym el al., 199918). 



1.8 Methods employed to obtain unique polymorphic forms 

In Brittain's (1999:184-186), Polymorphism in Pharmaceutical Solids, Guillory 

described several methods to obtain polymorphic forms, namely: 

Sublimation; 

Crystallisation from a single solvent; 

Evaporation from a binary mixture of solvents, 

Vapour diffusion; 

Thermal treatment; 

Crystallisation from the melt; 

Rapidly changing solution pH to precipitate acidic, or basic substances; - 
Thermal desolvation of crystalline solvates; 

Growth in the presence of additives; and 

Grinding. 

Bernstein, in Guillory (1999:184-186), observed that the conditions under which 

different polymorphs are obtained, exclusively, or together, can also provide very 

useful information about the relative stability of different phases, and the methods and 

techniques that may be necessary to obtain similar structures of different chemical 

systems. This approach by Guillory (1999184-186), should provide some assurance 

that "due diligence" has been exercised to isolate and identify crystalline forms that 

are likely to arise during the normal course of drug development and storage. Despite 

this approach, one cannot be absolutely certain that no additional forms will be 

identified in the future (Guillory, 1999:184-186). 

A discussion on some of the methods that may be employed to obtain polymorphic 

forms will now follow. 

The term sublimation refers to the phase change fiom solid to vapour, without the 

intervention of the liquid phase. Still, it is often found that crystals are formed on 



cooler surfaces, in close proximity to the melt of organic compounds, when no 

crystals were formed at temperatures below the melting point Nearly two-thirds of 

all organic compounds sublime by converting from the solid to the gaseous state and 

back to solid. The forms and sizes of the crystals produced during sublimation, 

mostly depend on the sublimation temperature, as well as the distance of the 

collecting surface 6om the material, undergoing sublimation. The occurrence of 

polymorphic modifications is directly related to the temperature of sublimation. One 

can thus easily assume that lower temperatures are responsible for the formation of 

unstable crystals and vice versa. Despite this assumption, mixtures of these 

modifications are frequently found together. From this information it should be clear 

that only those compounds that are thermally stable could be applicable for the 

sublimation technique. The following test determines whether a material sublimes or 

not. 

Approximately 10-20 mg of the solid is placed in'a petri dish and covered with an 

inverted watch glass. The petri dish is heated gently on a hot plate and the watch 

glass is observed to establish if crystals are growing on it. 

Another method, preferred by McCrone (as quoted by Guillory, 1999:187-188), is to 

spread a thin layer of the material over a portion of a half-slide, to cover it with a 

large cover glass and to slowly heat if using a Kofler block. When the sublimate is 

well formed, the cover glass is removed to a clean slide for examination (Guillory, 

1999: 187-188). 

1.8.2 Crystallisation from a single solvent 

The most frequently used method for preparing crystals is by slow solvent 

evaporation. Saturated, or nearly saturated solutions, with a variety of carefully 

selected solvents, of the crystallised materials are filtered and left undisturbed for a 

period of time. Solvents should include those used in the final crystallisation steps 

and those used during formulation and processing, and may also include water, 

methanol, propanol, isopropanol, acetone, acetonitrile, ethyl acetate, hexane and 

mixtures if appropriate (Bym et al., 1995:946). By covering the solution with 

perforated aluminium foil, or Parafilm@, one could control the rate of evaporation. 



The preferred solubility for a solution to be recrystallised is approximately 5-200 

mg/mL at room temperature. It is preferable to start with a small sample of 25-50 mg, 

dissolved in 5-10 drops of solvent, to test its solubility. If the result is a clear solution, 

it will not be suitable for the purpose of recrystallisation and an additional amount of 

the sample should be added, until the solution is saturated. 

Solvents having a low vapour pressure and high viscosity, such as glycerol and 

dimethylsulfoxide, do not usually serve the purpose of crystallisation, filtration, or 

washing operations. Routinely used solvents, with their boiling points, are listed in 

Table 1.4 (Guillory, 1999: 189). 

Table 1.4 Solvents often used in preparation of polymorphs (Guillory, 1999:189) 

Solvent Boiling point 
(OC) 

Dimethylformamide 153 
~ c e t i c  acid 

Water 
I -F'ropanol 
2-Propanol 
Acetonitrile 
2Butanone 
Ethyl acetate 

Ethanol 
Isopropyl ether 

Hexane 
Methanol 
Acetone 

Methylene chloride 40 
Diethyl ether 35 

The transformation process of a compound in solution, can be described in two 

separate events: (a) dissolution of the initial phase, and (b) nucleation 1 growth of the 

final, stable phase. There are various ways to promote or induce crystallisation, such 

as distributing nuclei throughout the solution, by scratching the interior of the vessel 

with a glass rod. Another way is according to the method of Suzuki (quoted by 

Guillory, 1999:188), who showed that by crystallisation from water, the a-form of 

inosine could be obtained, whereas isolation of the b-form required that seeds of the 

&form be added. 



When the melting point of two monotropic polymorphs differs by 25-WC, the 

polymorph with the lower melting point and resulting higher solubility, will be 

difficult to crystallise. It becomes more likely to obtain unstable or metastable forms, 

when the difference in melting points is smaller. 

According to Guillory (1999:189), another commonly used method of crystallisation 

is by controlling the temperature change. Compounds, which are more soluble at 

higher temperatures, will effectively produce crystals, when the hot, saturated solution 

is slowly cooled, whereas less soluble compounds at higher temperatures could be 

slowly warmed. It is clear that by controlling the temperature change, different stages 

of the polymorph could be obtained. Behme et al. (quoted by Guillory, 1999189) 

explained this by the following method. Buspimne hydrochloride was crystallised 

above 9% to form the higher melting point, while the lower melting form was - 
obtained below 95'C. Furthermore, Ostwald's law states that "when leaving an 

unstable state, a system does not seek out the most stable state, rather the nearest 

metastable state which can be reached with loss of free energy". 

Isolation of the metastable crystal from the solvent is important to prevent 

transformation into the most stable, least soluble form. McCrone (quoted by Guillory, 

1999:193) stated that the rate of transformation of a metastable into a more stable 

polymorph, is slower in a poor solvent. Hence, a metastable form, once crystallised, 

can be isolated and dried before it is converted into a more stable phase (Guillory, 

1999:188-194). 

1.8.3 Evaporaiion from a binary mixture of solvents 

Multicomponent, solvent evaporation methods are used, when single-solvent solutions 

do not yield the desired phase. In this case, a mixture of solvents with different 

solubilities is used, where a second solvent, in which the solute is sparingly soluble, is 

added to a saturated solution of the compound in a good solvent. The different 

solvents evaporate at different rates, resulting in a different composition of the solvent 

mixture (Guillory, 1999: 194). 

Such an example is illustrated by indomethacin, where the y-form is obtained by 

recrystallisation h m  ethyl ether at room temperature, while the acrystal form is 



prepared by dissolution in methanol and precipitation with water at room temperature 

(Guillory, 1999: 194). 

1 . 4  Vapur d~f l i ion  

Vapour diffusion is a two-solvent crystallisation method, where a solution of the 

solute in a good solvent is placed inside of a small, open container that is then stored 

in a larger vessel, containing a small amount of a miscible, volatile non-solvent. As 

solvent equilibrium, in the now tightly closed larger vessel, is approached, the non- 

solvent diffises through the vapour phase into the solution, and saturation, or 

supersaturation, is achieved. 

This method is mostly applicable to the preparation of single crystals for - 
crystallographic analysis (Guillory, 1999:195). 

I.&5 Thermal treatment 

The differential scanning calorimetry @SC) analysis technique often shows an 

endothermic peak, representing a phase transition, followed by a second endothermic 

peak, representing melting. When a third, exothermic peak between the two 

endotherms appears, it represents a crystallisation step. The higher melting 

polymorph can be prepared by thermal treatment (Guillory, 1999:195-197). 

1.8.6 Ctystdlisatwn from the melt 

As previously mentioned, Ostwald's rule implies that the cooling of melts of 

polymorphic substances often first yields the least stable modification, which in stages 

rearranges into the stable form. The metastable form already has the lower melting 

point and therefore supercooling is necessary to crystallise it from the melt. Quench- 

cooling a melt can result in the formation of an amorphous solid (Guillory, 1999197- 

198). 



1.8.7 Thermal &ohtation of crystoIline solvates 

The term, desolvated solvates, refers to compounds that have been originally 

crystallised as solvates, but from which the solvent has been removed. When the 

crystal structure of the desolvated solvate is similar to that of the original solvate, with 

relatively small changes in lattice parameters, they are referred to as 

pseudopolymorphic solvates. On the other hand, where the solvent serves to stabilise 

the lattice, the process of desolvation may produce a change in lattice parameters, 

resulting in the formation of polymorphic solvates, which can either be a new crystal 

form, or an amorphous form (Guillory, 1999:199-200). 

According to Bym (1982:18), the desolvation of polymorphic solvates occurs in four 

steps: 

Molecular loosening; 

Breaking of the host-solvent hydrogen bonds; 

Solid solution formation; and 

Separation of the product phase. 

The desolvation of pseudopolymorphic solvates is a much simpler process, compared 

to that of polymorphic solvates, involving only the first two steps. Similarly, 

dehydration of hydrates, can lead to the formation of new crystal forms. 

1.8.8 Grinding 

Depending on the compound and conditions employed, grinding can result in the 

conversion of the compound into an amorphous substance. Therefore one should be 

aware of the sensitivity of a certain drug compound to pressure before grinding 

(Guillory, 1999:202). 

1.9 Phase transformations in the solid state 

Phase transformations in the solid state can lead to the sudden appearance, or 

disappearance, of a crystalline form, that can threaten process development and that 



can lead to serious pharmaceutical consequences, if the transformation occurs in such 

dosage forms. When molecules rearrange into a new structure during phase 

transformation, the possibility exists to involve a solvent of vapour phase (Vippagunta 

et al., 2001:9-10). 

The mechanism of solid-solid physical transition can be explained by these four steps: 

Molecular loosening in the initial phase; 

Formation of an intermediate solid solution; 

Nucleation of the new solid phase; and 

Gmwth of the new phase (Vippagunta et d., 2001:9-10). 

In his book, Solid-state Chemistry of Drugs, Byrn (1982:17-18) described 

polymorphic transformations in three steps: 

Molecular loosening, which requires the nucleation of reaction and involves 

the partially unpacking of molecules from the original crystal; 

Solid solution formation; and 

Separation of the product'where a new crystal form is crystallised. 

1.10 The importance of metastable forms 

The pharmacological utility of stable forms may be limited, due to their low 

solubility, so that they may be advantageous to selectively obtain and maintain the 

metastable form in a formulation (Bemstein, 2002:252). However, according to 

Borka (1991:16), difficulties, such as crystal growth and caking, may occur during the 

formulation of metastable, crystalline forms, particularly in creams, ointments and 

suspensions. 

According to the energy-temperature phase diagram, there can be only one 

thermodynamically stable polymorphic form at a particular temperature (except, at the 

temperature of a transition point). The stable form is also known to be the least 

soluble form at a given temperature (Bernstein et al., 2002:251). All other phases are 

metastable with respect to the most stable phase, and are higher in energy. 



Kanke and Sekiguchi (19732378) stated that the status of polymorphic transition 

depends upon factors, such as crystal type, various kinds of lattice defect and 

conditions of exposure. The status of polymorphic transition may be rapid, slow or 

incomplete. In most cases the metastable form of a drug changes gradually into the 

stable form, which may cause variation in drug effectiveness, or difficulties, not only 

during preparation, but also during the storage of pharmaceuticals. On the contrary, 

the rate of crystal change could be extremely slow, leaving the metastable form 

practically stable from the standpoint of transition kinetics. According to Kanke and 

Sekiguchi (1973:878), it is difficult to predict when a transition may occur, i.e. 

whether during or after the manufacturing process. Thus, knowledge of transition 

temperatures and energies becomes very important from the viewpoint of formulation 

and manufacturing control. It is also important to consider whether transition from 

one form into another is reversible (inantiotropic) or irreversible (monotropic). 

An increasing variety'of techniques have been designed and employed to generate 

metastable modifications, of which seeding is one. A seeding strategy for a batch 

cooling crystallisation, to quantitively and reproducibly obtain a metastable form, was 

developed by Beckmann et al. (1998). In another approach, a desired metastable form 

was crystallised in gram quantities from a supercooled melt, and proved to have 

considerable kinetic stability under dry atmospheric conditions (Bernstein, 2002:252). 

1.11 Predicting pofymorphs 

The prediction of polymorphs, which does not only imply the quantification of the 

intermolecular forces that hold crystals together, but also the ability to predict all the 

possible configurations for a given crystal structure, has become a vital aspect of 

research on polymorphism. It is of great importance to enable the researcher to 

predict accurately from theoretical studies of molecular dynamics and from the 

generation of crystal structure (Vippagunta et al., 2001: 1 1). 

A recent software package, The Polymorph Predictor, from Molecular Simulations, is 

presently the only computational way to predict polymorphs h m  the molecular 

structure. This program derives from the concept where thousands of possible crystal 

formations of a given molecule are generated, whereafter those forms, exhibiting the 



lowest energy, are chosen to be the potential polymorphs (Vippagunta et al., 

2001:ll). 

Unfortunately, these computational methods have many limitations. It is only 

applicable to non-ionic, rigid molecules, thus more complex systems could not 

accurately be predicted. A further issue of concern is the inability of existing methods 

to predict the entropy of a possible polymorph. As mentioned previously, the relative 

thermodynamic stability of polymorphs is determined by the linear function of both 

enthalpy and entropy, known as the Gibbs free energy. Hence the current method of 

polymorph prediction is not suitable for complicated molecules (Vippagunta et al., 

2001:12). 

1.12 Conclusion 

In order to save time and cost it is of utmost importance to choose the most suitable 5 

form of the crystalline drug in the initial stages of drug development. The main focus 

of many investigations is to be able to determine all the possible polymorphic and 

pseudopolymorphic forms of a drug from its molecular structure. An increased 

understanding of the phenomenon of polymorphism should enable pharmaceutical 

scientists to gain control over the crystailisation process, in order to selectively obtain 

the desired polymorph, or to suppress the growth of an undesired one (Vippagunta et 

al., 2001:23). 

A better understanding of the solid-state chemistry of a drug substance and the 

physico-chemical properties of a substance are of timdamental value, when selecting 

an appropriate dosage form during preformulation and manufacturing. 



CHAPTER 2 

Pharmaceutical and Pharmacological Properties of Roxithromycin 

2.1 Introductiou 

Roxithromycin, a 14-membered-ring, macrolide antibiotic, is an ether oxime derivative 

of the naturally occumng, macrolide antibacterial dm& erythromycin (Jarukamjom et 

al., 1998:SlS). This medically important antibiotic is composed of an erythronolide 

ring (polyfunctionalised, 14-membered, lactone ring) substituted with desosamine and 

cladinose sugar units (Gharbi-Benarous et d., 1991 :I 117). 

The in v i m ,  antibacterial activity of roxithromycin resembles that of its parent drug, 

erythromycin. Roxithromycin has proven clinical efficacy in upper and lower 

respiratory infections, skin and soft tissue infections, urogenital- and orodental 

infections. 

In comparison with that of its parent compound, the pharmacokinetic profile of 

roxithromycin is characterised by high plasma, tissue and body fluid concentrations and 

a long half-life, permitting an extended dosage interval (Markham & Faulds, 1994:298). 

In this chapter the pharmaceutical and pharmacological properties of roxithromycin will 

be examined. 

2.2 Description of roxithromycin 

2.2.1 Nomenclature 

2.2.1.1 Chemical name 

(3R,4S,5$6R,7R,9R, 1 IS, 12R, 13S, 14R)-4-[(2,6-dideoxy-3-C-methyl-3-O-methyl-a-~- 

ribo-hexopyranosyl)oxy]-14-ethyl-7,12,13-trihydroxy-1O-[(Q-[(2-methoxxyethoxy) 

methoxy]imino]-3,5,7,9,1l,l3-hexamethyl-6-[[3,4,6-hideoxy-3-(dimethylamino)-~-D- 

1-90-hexopyranosyl]oxy]oxacyclotetradecan-2-0ne (BP, 2002:1506) or Erythromycin 9- 

{0-[(2-methoxyethoxy)methyl]oxime)(Gharbi-Benarous et al., 1991: 11 17). 



2.2.1.2 Nonproprietary name 

Roxithromycin. 

2.2.1.3 Proprietary names 

Assoral, Cirumycin, Claramid, Overal, Rossitrol, Rulid, Rulide and Surlid (Sweetman, 

2002:247). 

RulideQ tablets, 150 mg and Roxithromycin-HexalQ tablets, 150 mg (Gibbon, 

2003:271). 

2.3 Formulae 

2.3.2 Structural formula 

Figure 2.1 

Structural formula of roxithromycin (hn~:Nwww.dra~onvhann.com.cdvro3/IO.eif). 



2.4 Molecular weight 

837,W dm01 (O'Neil, 2001:1486). 

2.5 Appearance and colour 

Roxithromycin is a white, crystalline powder (Approved Product Information, 1996). 

2.6 Pbarmaceutics of roxithromyciu 

RulideQ tablets are supplied by Aventis Pharma (F'ty) Ltd (LANE COVE NSW) and 

Hoechst Marion Roussel NZ Ltd (New Zealand), and are available in two strengths, 150 

mg and 300 mg, suitable for oral administration only. It is a schedule 4 drug and hence, 

only available on prescription (Approved Product Information, 1996; Information for 

Health Professionals, 1996). 

Rulide Dm, 50 mg tablets (Aventis), are tablets for suspension and are designed to be 

mixed with water. 

Roxithromycin-Hexal* is available in 150 mg tablets for oral administration only. 

Roxithromvcin in combination 

Qi et 01. (2004:l) performed a study on a newly formulated tablet that contained both 

roxithromycin and ambroxel hydrochloride (HCI). Their aim was to simultaneously 

determine roxithromycin and ambroxel hydrochloride in the tablet by means of liquid 

chromatography. 

According to Qi et al. (20041-2), various pharmaceutical companies have shown an 

increasing interest in developing such a formulation, in order to achieve more 

favourable effects in clinical trials. The reason for this sudden interest was to confirm 

the possibility that ambroxel HCI could increase the concentration of roxithromycin in 

human lung tissues. 



2.6.1 Dosage m d  administration 

An oral dosage of 300 mg roxithromycin daily, is recommended for adults. The dosage 

regime may be either 150 mg 12 hourly, or 300 mg once daily. No adjustments in 

dosages are required in elderly patients, nor for patients with moderate renal 

impairment. Where severe hepatic insufficiency is present, a reduced dose of 150 mg is 

recommended. 

The recommended dose for children and infants are calculated by means of bodyweight, 

i.e. 5 to 8 mgikg administered in 2 divided doses, not exceeding 10 days of therapy 

(Markham & Faulds, 1994:3 19). 

It is important that roxithromycin should be taken 15 minutes before a meal, or on an 

empty stomach. Rulidem tablets could be taken by applying one of the following 

dosage regimes: 

Table 2.1 Adults (Approved Product Information, 1996) 

I Rulidea 300 mg tablets I Rulidea 150 mg tablets I One tablet twice daily 
Usual dosage I One tablet daily or - 

Table 2.2 Children (Approved Product Information, 1996) 

I Two tablets once daily 

Elderly 

Impaired renal function 

I BODYWEIGHT 1 RULIDE Dm 50 mg TABLETS I RULIDEa 150 mg TABLETS I 

I I One tablet twice daily 
One tablet daily 

One tablet daily 

Rulide Dm 50 mg is administered to children weighing less than 40 kg, as an aqueous 

suspension that is prepared by adding either a half, one or two tablets to a spoonful of 

or 
Two tablets once daily 
One tablet twice daily 

or 
Two tablets once daily 

6-11 kg 
12-23 kg 
24-40 kg 
> 40 kg 

Half a tablet morning and evening 
One tablet morning and evening 
Two tablets morning and evening 

One tablet morning and evening 



water. After 30 or 40 seconds the tablet would be disintegrated into fine granules and 

the suspension then given to the child. A glass of water should follow the dose 

(Approved Product Information, 1996). 

2.6.2 Presentation and storage 

Rulidee 300 me tablets and Rulidee 150 me tablets: White, biconvex, cylindrical, 11 

mm and 9 mm diameter respectively, film-coated tablets, debossed on one side with 

164J, packed in blister packs, containing 5 and 10 tablets respectively. Store in a cool, 

dry place (below 30%). Contains glucose (in film-coating). 

Rulide D8 50 mg tablets for susuension: Practically white, scored, cylindrical tablets, 8 

mm in diameter, packed in aluminium blister packs, containing 10 tablets. Store in a 

cool place (below 30%), contains saccharin sodium (Approved Product Information, 

1996). 

2.7 Pharmacology of roxithromycin 

2.7.1 Pharmacokinetic properties 

According to Markham and Faulds (1994:299), there is a significant difference in the 

pharmacokinetic profiles of roxithromycin and its parent compound, erythromycin. 

2.7.1.1 Absorption 

Afier oral administration of roxithromycin, it is absorbed with an absolute 

bioavailability of 50%. Peak plasma concentrations, following administration of 150 

mg and 300 mg film-coated tablets, ranged between 6.61 and 7.9 mg/L, and 9.1 and 

11.02 mgL, respectively (Markham 62 Faulds, 1994:307). These concentrations are 

reached within 1 to 2 hours postdose in young and elderly adult patients. 

Rulide De 50 mg tablets for suspension appear to be absorbed more slowly than the 

filmcoated ones, with peak plasma concentrations being achieved approximately 3 

hours postdose (Approved Product Information, 1996). 



Absorption of roxithromycin is decreased by food intake. Hence it is important to 

administer Rulidee on an empty stomach (i.e. 15 minutes before food, or more than 3 

hours after a meal). 

Peak alasma concentrations 

No linear relationship exists between plasma concentration and increased dosage. 

Hence, neither peak plasma level, nor area under curve (AUC) increase in proportion to 

the dose. 

Table 2 3  Peak plasma concentrations in children, young adults and elderly patients 

with different dosage regimes (Approved Product Information, 1996) 

2.7.1.2 Distribution 

The concentrations of roxithmmycin in tissue and body fluids are given in table 2.3. 

According to Markham and Faulds (1994:307), these concentrations are generally 

higher than MI% values for susceptible bacteria. 

Markham and Faulds (1994:307) performed an investigation on 7 intensive care 

patients. They each received a 300 mg loading dose, followed by six, 12-hourly, 150 

mg doses of roxithmmycin. The mean peak concentration of roxithromycin, which 



occurred after 2 to 4 hours in bronchial secretions, was 4.71 m a .  After 1 hour the 

corresponding mean peak serum level was 8.74 m a .  

Roxithromycin is strongly bound to the plasma protein, a!-acid glycoprotein, with a 

maximum protein binding of 96.4% at concentrations of 2.5 mg/mL. Roxithromycin is 

also bound to albumin, but in a much weaker, non-specific manner (15.6 to 26.7%). 

al-Acid glycoprotein is an acute phase reactant, hence in situations requiring 

antibacterial treatment, levels may be increased (Markham & Faulds, 1994307). 

2.7.1.3 Metabolism 

As previously mentioned, roxithromycin has antibiotic properties very similar to that of 

erythromycin. The antimicrobial potency of roxithromycin however, is much higher, 

the reason being a slower metabolism rate of roxithromycin. 

The main metabolic pathway of roxithromycin, Ndemethylation, is illustrated in figure 

2.2. Unlike erythromycin, roxithromycin does not induce cytochrome P450 

(CYP)3A1/2 and CYP3A4. These enzymes catalyse the Ndemethylation of all 

macrolide antibiotics in the liver microsomes of rat and man, respectively (Jarukamjom 

et al., 1998:515). This is of clinical relevance when CYP3A inducers, e.g. rifampicin 

and phenytoin, are involved. 

In a study by Jarukamjom et al. (1998:515-519), the hepatic disposition and metabolism 

of roxithromycin were evaluated. According to this study, roxithromycin, a highly 

lipophilic compound, is moderately accumulated from the perfusate and is excreted into 

bile in its native form, together with one metabolite (monodesmethylroxithromycin). 

Another two metabolites were identified by McLean et al. (1987) in Jamkamjom et al. 

(1998:519). Didesmethylated and descladinosed roxithromycin were found in urine 

samples from man. 

Biotransformation in the liver seems to be restricted to monodemethylation, while 

cladinose ring cleavage, which occurs nonenzymatically, does not occur in the liver. 

Hence, phase-I metabolism is very important in the biliary excretion of roxithromycin 

(Jamkamjorn et al., 1998:5 19). 



Figure 2.2 Proposed main metabolic pathway of roxithromycin in the isolated 

perfused rat liver (Jarukamjorn et al.. 1998:518). 

2.7.1.4 Elimination 

The mean, elimination half-life in young adults is approximately 12 hours. In the 

presence of impaired hepatic function, it could be prolonged to 25 hours, whereas in 

elderly patients the approximate mean half-life is 27 hours (Approved Product 

Information, 1996). 

Roxithromycin is eliminated from the body according to the following ratio: 

excretion in the urine - 7% 

elimination via the lungs - 13% 

faecal excretion - 53%. 

The latter represents the unchanged M i o n  and small proportion of roxithromycin that 

is excreted by the liver. 

As previously mentioned, protein biding of roxithromycin reduces when plasma levels 

exceed 4.2 mgL, hence causing increased levels of unbound roxithromycin, which may 

be excreted by the kidneys (Approved Product Information, 1996). 



2.7.2 Working mechanism of roxithromycin 

Identical to the parent drug, erythromycin and other macrolides, roxithromycin bin' 

the 50s bacterial ribosomal subunit, thereby disrupting protein synthesis and hence cell 

growth. Although the affinity of roxithromycin for the target site is lower than that of 

erythromycin, roxithromycin still has the longer half-life, because of higher plasma 

concentrations, due to the increased absorption and distribution thereof. 

A resistance mechanism, which could be applied to all 14-membered macrolides 

causing cross-resistance, exists where the ribosomal subunit is altered in resistant 

bacteria This alteration prevents binding to the target site (Markham & Faulds, 

1994:305-306). 

2.73 Indications and therape& uses of roxitbromycin 

Roxithromycin has p&ven to have in v i m  and clinical activity against a broad specbum 

of micmorganisms, including: 

Streptococcus pneumoniae; 

Streptococcus pyogenes; 

Mycoplasma pneumoniae; 

Moraxella catarrhalis; 

Ureaplasma urealyticum; 

0 Chlamydia spp.; 

0 Haemophilus influenzae; and 

Staphylococcus aureus (except MRSA). 

The following strains of microoraganisms are resistant: 

Multiresistant Staphylococcus aureus; 

Enterobacteriaceae; 

Pseudomonas spp.; and 

Acinetobacter spp. (Approved Product Information, 1996). 



According to Markham and Faulds (1994:308), respiratory tnlct infdions are the 

primary therapeutic indication for roxithromycin. Other infections that benefit from 

roxithromycin treatment are omdental, urogenital, and skin and soft tissue infections. 

They also mention the potential of roxithromycin as treatment for cutaneous 

manifestations of Lyme borreliosis, as well as opportunistic infections in patients with 

HN,  and as part of an eradication regimen for H. pylori in patients with peptic 

ulceration or gastritis. Markham and Faulds(1994:308) mostly refer to 300 mglday 

roxithromycin divided into 2 doses. 

2.73.1 Respiratory tract infections 

Cooper et al. in Markham and Faulds (1994:313) evaluated the efficacy of 

roxithromycin in patients with URTI's and LRTI', where H infuenzae was identified. 

On a per protocol basis, the clinical response was 87%, while on an intention-to-treat 

basis, the overall clinical response rate was 78%. 

2.7.3.1.1 Upper respiratory tract infections (URTI's) 

Clinical efficacy rates being produced in mxithromycin-treatment are 71-96%. 

According to De Campora et al. in Markham and Faulds (1994:309), roxithromycin was 

significantly more effective than clarithromycin in the treatment of pharyngotonsillitis, 

otitis media and sinusitis. 

2.73.1.2 Lower respiratory tract infections (LRTI's) 

In comparison with cefaclor and amoxicillin/clavulanic acid, a pharmacoeconomic 

evaluation indicated that roxithromycin was the more cost effective treatment for 

LRTI's (Markham & Faulds, 1994:3 10). 

In a non-comparative study on 1000 patients, the clinical efficacy rates in the treatment 

of acute bronchitis were higher than 90%, while a comparative evaluation showed that 

roxithromycin had comparable efficacy to that of amoxicillin 1 clavulanic acid, cefklor, 

azithromycin, clarithromycin and josamycin (Markham & Faulds, 1994:3 10). 



In the case of acute exacerbations of chronic bronchitis, the clinical efficacy rates 

ranged between 83.3 and 89Y& similar to that of amoxicillin I clavulanic acid, 

doxycycline, cefaclor and azithromycin (Markham & Faulds, 1994:3 11). 

The clinical efficacy of roxithromycin as treatment for pneumonia was comparable to 

that of alternative drugs, amoxicillin, cefadrine, azithromycin, clarithromycin, cefaclor, 

erythromycin and midecamycin acetate. It appeared that roxithromycin was more 

effective than amoxicilli I clavulanic acid during the same trial (Markham & Faulds, 

l9943ll). 

2.73.2 Skin and soft tissue infections 

Markham and Faulds (1994:313) reported the clinical efficacy of roxithromycin as 

treatment for skin and soft tissue infections to be 77% to 100%, similar to that of a 

comparable dosage of doxycycline and josacymin. 

In a comparative study by Bernard et al. in Markham and Faulds (1994:314), 

roxithromycin was found to be as effective as penicillin, with overall efficacy rates of 

84% and 76%, respectively. 

2.73.3 Other infections 

Roxithromycin has shown clinical efficacy as treatment for infections, such as Lyme 

borreliosis and Helicobacter pylori Eradication, and in the prevention of 

Pheumocystosis HIV-positive patients (Markham & Faulds, 1994:3 14-3 15). 

2.7.4 Tolerability 

Most of the tolerability results of roxithromycin have confirmed that the most common 

adverse effects throughout roxithromycin therapy are gastrointestinal symptoms. Blanc 

er al. in Markham and Faulds (1994317) have published a review on the tolerability 

profile of roxithromycin (figure 2.3). 

The overall incidence of adverse effects after roxithromycin treatment in children was 

4.2% of which gastrointestinal adverse effects were again the most prevalent. This is 

illustrated in figure 2.4 (Markham & Faulds, 1994:319). 



Figure 2.3 Adverse ;vents possibly related to roxitromycin therapy in 17 

multicentre comparative or noncomparative studies (Markham & Faulds 

1994:3 17). 

Figure 2.4 Adverse effects in 477 children who received roxithromycin (mean 6 

mglkg/day) as treatment for respiratory tract, or skin and soft tissue 

infections (Markham & Faulds, 1994:319). 



2.7.5 Preenutions and contraindications of roxithromycin 

The safety of roxithromycin in patients with hepatic- or renal insufficiency has not yet 

been established. Hence, caution should be taken when administering roxithromycin to 

such patients. In the case of severe impaired hepatic function, reducing the daily dosage 

to half the dose should be considered. 

As with all antibiotics, prolonged use of roxithromycin may lead to superinfection, due 

to resistant organisms. Therapy should be discontinued and appropriate. treatment be 

applied. 

Clostridium difficile could cause pseudomembranous colitis. If so, roxithromycin 

should be discontinued, followed by appropriate treatment (Approved Product 

Information, 1996). 

Contraindications 

Known hypersensitivity to macrolides, including erythromycin; 

Severely impaired hepatic function; and 

Concomitant therapy with vasoconstrictive ergot alkaloids (Approved Product 

Information, 1996). 

2.8 Conclusion 

Through many research on this new complex macrolide, it has become clear that 

roxithromycin is as effective, and in some cases even more effective than other drugs in 

its class. 

Roxithmmycin is being highly tolerated in both adults and in children and can be used 

in the treatment of a broad variety of infections, of which respiratory tract infections are 

the primary indication. 



CHAPTER 3 

Physico-chemical Properties and Methods of Characterisation of 

Roxithromycin 

3.1 Introduction 

The purpose of this chapter is to provide general information on the physim-chemical 

properties of roxithromycin. The analytical methods used to identify and characterise 

the different polymorphic, pseudopolymorphic and amorphous forms, obtained from the 

recrystallisation processes, are then investigated and described. 

3.2 Physica-chemical properties of roxitbromycin 

The physico-chemical properties of roxithromycin were investigated by applying 

several analytical techniques to a raw material, that was obtained from Hovione Pharma 

Science Limited. Table 3.1 is a summary of the anal$ical results generated prior to the 

release of the raw material by the supplier (certificate of analysis CoA). X-ray powder 

diRactometry (XRPD), thermal behaviour (DSC), dissolution behaviour and 

spectroscopic behaviour (W-spectrum and IR-spectrum) of roxithromycin, batch 

number ML01Q 1001, have been investigated. 

Gharbi-Benarous et al. (1991:1117-1125) determined roxithromycin's conformation in 

solution through nuclear magnetic resonance (NMR) spectroscopy. 



Table 3.1 Physico-chemical properties of roxithromcyin raw material, batch 

number MLOlQ1001, supplied by Hovione P h m a  Science Limited 

(certificate of analysis CoA) 

TEST 

Description 

Crystallinity 

Solubilities 

Identification @y IR) 

Identification (by HPLC: 

Appearance of solution 

Specific optical rotation 

Water (by Karl Fischer) 

Sulphated ash 

Heavy metals 

Related substances (b: 
HPLC) 

Content of Methanol (b] 
'w 

Particle size 

SPECIFICATION I RESULT 
I 

White powder. I Conforms 
I 

F m l y  soluble in scetone, alcdrol and methylene chloride, 
slightly soluble in dilute hydrochloric acid; v a y  slightly 
soluble in water. 

Confonns 

Conforms to the qxdnnn of Chemical Reference 
Substance of the European Pharmacopoeia 

A 1% wlv solution in methanol is clear and mlourless. I conforms 
I 

Conforms 

In the chmmatogram obtained with the sample solution, the 
principal peak should have the same RT and size as that of 
the principal peak in the chromatogram obtained with the 
standard. 

I 

Conforms 

Not more than 3 . W  wlw. 1 0.5% 
I 

Not less than -%' and not more than -93" (C = 1, acetone, t 
= 20°C and 589 nm), calculated with reference to the 
anhydrous and solvent-fne substance. 

Not more than 0.1% wlw. I 0.0% 

-94" 

Not more than 10 ppm. 

Total impurities: Not more than 3.0% wlw. I 1.8% 
I 

Conforms 

Major individual impurity, excluding RRT about 1.13 and 
RRT about 1.7: Not more than 0.5% whv. 

Impurity with a RRT about 1.13: Not more than 0.5% wlw. I 0.2% 
I 

I 

0.4% 

I 

Not more than 0.1% wlw. I 0.1% 

Impurity with a RRT about 1.7: Not more than 0.5% wlw. 0.2% 
I 

Not less than 97.0% wlw and not more than 101.w wlw, 
calculated with reference to the anhydrous and solvent-& 
substance. 

Not less than below 200 pn. 

Not less than 50 % below 65 pn. 

97.5% 

191 pn 

56 pn 



3.2.1 NMR speetnweopy techniques performed on roxitbromycin 

Gharbi-Benarous et al. (1991:1117-1125) compared the NMR spectra of roxithromycin 

and the parent compound, erythromycin, using different NMR spectroscopic techniques. 

H-NMR experiments were conducted on WM250 (or AM400 or AM500) NMR 

spectrometers from Bruker. The sample concentration was 5 X lo-' M. Tests were 

performed at 20°C and degassed in CDCb and CD30D solutions. 

NMR spectroscopy showed that the hydroxyl protons, 6-OH and 1 1-OH, interacted in a 

hydrogen-bond interunit, macrocycle-oxime chain. Hence roxithromycin has no t k e  

hydroxyl groups. This explains the hydrophobic character of roxithromycin, which also 

influences the wettability of this macrolide antibiotic (Gharbi-Benarous et al., 

1991:1124). 

3.2.2 X-ray powder diffractometry (XRPD) 

The simplicity of performing x-ray powder diffraction (XRPD) makes it the 

predominant tool to investigate the crystallographic identity of a drug powder (Brittain, 

1999:235). 

Approximately 200 mg of the roxithromycin sample was weighed into aluminium 

sample holders. The XRPD patterns were recorded at room temperature, using a Bruker 

D8 Advance diffractometer (Bruker, Germany). The measuring conditions were: 

target, Cu; voltage, 40 kV; current, 30 mA, divergence slit, 2 mm; antiscatter slit, 0.6 

mm; detector slit, 0.2 mm; monochromator; scanning speed, 2"Imin (step size, 0.025"; 

step time, 1.0 sec.). 

The XRPD pattern of the roxithromycin raw material (batch MLOIQ1001) is illustrated 

in figure 3.1 and the peak angles and relative intensities are shown in table 3.2. 



Table 3.2 A summary of the crystallographic data obtained for the roxithromycin 

raw material (batch ML0 1Q100 1) 



M 

S Theta 

Figure 3.1 X-ray powder difii-action pattern of mxithmrnycin raw material (batch 

MLOlQ1001). 



3.23 Thermal behaviour of roxithromycin 

Thermal analysis provides quantitative information about the relative stability of 

polymorphic modifications, the energies involved in phase changes between them, and 

the monotropic or enantiotropic nature of those transitions (Bernstein, 2002:104). 

3.2.3.1 Differential scanning calorimetry (DSC) 

The melting behaviour of the roxithromycin raw material was investigated, using a 

Shimadm DSC-50 (Shimadzu, Kyoto, Japan). A sample of 2-4 mg was heated in a 

sealed aluminium crimp cell, at a heating rate of 1O0C/min and under a nitrogen purge 

of 35 mlhnin, to a maximum temperature of 175'C. 

Figure 3.2 illustrates the thermogram of the roxithromycin raw material (batch 

MLOlQ1001). The single strong endothermic peak is and indication of the melting 

process of roxithromycih with a peak maximum of 122.95"C. 

Figure 3.2 DSC thermogram of roxithromycin raw material (batch MLOlQ1001). 



3.2.4 Solubility 

Roxithromycin is very slightly soluble in water, freely soluble in acetone, alcohol and 

in methylene chloride; and slightly soluble in diluted hydrochloric acid (ESP, 

2002: 1506). 

The solubility of the mxithmmycin raw material, batch MLOlQ1001, was investigated 

by means of the following pmedure. The powder was sieved through a 250 pm sieve 

to assure uniformity in particle size. A 24-hour solubility test was performed. Samples 

of 10 mg each were weighed into 15 x 10 ml test tubes, having screw caps. To each test 

tube 10 ml of each phosphate buffer (pH 6), 0.1 N HCI and Hz0 was added and the caps 

tightly closed. For each solvent, 5 samples were prepared. The test tubes were rotated 

at 54 rpm (Heidolph RZR-2000 rotator, Germany) in a thermostatically (Julabo EM14 

thermostat, Germany) controlled water bath, at 39 i2'C. After 24 hours the 

concentration of the filtered (0.45 pm low protein binding, durapore (PVDF) filters) 

samples were determined spectrophotometrically at 206 nm (3.7.2). A Beckman DU- 

650i spectmphotometer (USA) was used. 

A standard sample of roxithromycin was prepared as follows: Solution A was prepared 

by dissolving 100 mg of the mxithromycin raw material in 250 ml of solvent. 5 ml of 

solution A was then diluted to a final volume of 25 ml, using the same solvent. The 

solubility results are illustrated in figure 3.3 and in table 3.3. 

It is clear that roxithromycin is very slightly, if at all, soluble in H20, a little more 

soluble in 0.1 N HCI and freely soluble in a phosphate buffer (pH 6). The poor 

wettability of roxithromycin as a result of the great hydrophobicity of this antibiotic, as 

was already mentioned, could possibly be the cause of the poor solubility in water. 



Table 3 3  A summary of the solubility results of roxithromycin raw material, batch 

MLOlQlOOl (the value added to or subtracted from the mean indicates 

the standard error h m  the mean, often referred to as the SEM value) 

Buffer pH 6 0.1 N HCI Water 

Solvent 

Figure 3 3  Solubility of roxithromycin raw material (batch MLOlQ1001) in H20, 

0.1 N HCI and phosphate buffer (pH 6), respectively. 

3.2.5 Dissolntion studies 

Powder dissolution studies of roxithromycin were performed, using a VanderKamp 600 

(Van Kel Industries, Chatham, New Jersey, USA) dissolution tester. Powder 

dissolution was measured using method 2, paddle, of the USP:27 (2004:2303). ABer 

preparation of the dissolution medium (phosphate buffer (pH 6)), three samples, each 

containing 200 mg of the roxithromycin raw material and 100 mg of glass beads, were 

accurately weighed into 3 test tubes. The volume of dissolution medium used was 500 

ml and the temperature was maintained at 37 &0.5T, imitating conditions in the human 



body. 3 ml of dissolution medium was withdrawn h r n  each corresponding vessel, 

added to the samples in the test tubes and vortexed for 2 minutes. These samples were 

then rinsed into the dissolution vessels, using dissolution medium h m  each 

corresponding vessel. The paddles rotated at 75 rpm. 

10 ml of the solution was withdrawn h m  each dissolution vessel, at time intervals of 

7.5, 15, and 30 minutes, using syringes to which 0.45 pn low protein binding, durapore 

(PVDF) filters were attached. Samples were further prepared by diluting 5 ml of the 

withdrawn samples to 25 ml with the phosphate buffer (pH 6). 

A standard sample of roxithromycin was prepared as follows: Solution A was prepared 

by dissolving 100 mg of roxithromycin raw material in 250 ml of phosphate buffer (pH 

6). 5 ml of solution A was then diluted to a final volume of 25 mi using the same 

dissolution medium. The standard sample w a  compared to the samples on the W- 

spectrophotometer (Beckman DU-65Oi spectrophotometer, USA) at 206 nm (3.7.2). 

Table 3.4 and figure 3.4 summarise the results obtained from these dissolution studies. 

Table 3.4 Summary of dissolution results of roxithromycin raw material, batch 

MLOIQ1001, in phosphate buffer (pH 6) 

Dissolution 
vessel 

1 
2 
3 

AVERAGE 

Concentration dissolved (%) 
7.5 min 

96.0 
71.0 
100.0 
89.0 

15 min 
97.0 
76.0 
100.0 
91.0 

30 mia 
97.0 
82.0 
101.0 
94.0 



" 0 Y 0 10 20 
30 40 

Withdrawal time (minutes) 

Figure 3.4 Dissolution curve of roxithromycin raw material, batch MLOlQl001. 

3.2.6 Infrared spectroscopy (IR) 

Investigation and characterisation of polymorphic solids' by means of infrared 

spectroscopy is a standard technique (Bemstein, 2002:125). 

The IR-spectrum of roxithormycin raw material was recorded on a Nicolet Nexus 470- 

FT-IR spectrometer, over a range of 400 - 4000 cm-'. KBr was used as background. 

The sample was dispersed in a matrix of powdered potassium bromide and through 

diffise reflectance infrared Fourier transform spectroscopy (DRIFTS) the IR-spectrum 

was measured in a reflectance cell. The main absorptions are illustrated in table 3.5 and 

figure 3.5 illustrates the spectrum of roxithromycin raw material. 



Figure 3.5 IR-spectrum of roxithromycin raw material, batch MLOlQ1001. 



Table 3.5 Main IR-absorption peaks with their corresponding wavenumbers (an-') 

of roxithromycin raw material (batch MLOlQ1001) 

Main 

absorptions 



3.2.7 Spectrophotometric determination of roxithromycin 

The absorbance of roxithromycin raw material was measured at a maximum wavelength 

of 206 nm with a Beckman DU - 650i spectrophotometer (USA). Preparation of the 

standard solutions involved the following: 160.5 mg of the roxithromycin raw material 

was dissolved in 200 ml of phosphate buffer (pH 6). Further dilutions of the standard 

were prepared and the absorptions measured. The dilutions and concentrations of the 

prepared samples are listed in table 3.6. 

Table 3.6 Dilutions of roxithromycin raw material in phosphate buffer (pH 6) 

The absorbances of the samples were measured and plotted against the concentration of 

the samples. A linear standard curve with a correlation coefficient of 0.9987 was 

obtained. This correlation is illustrated in figure 3.6. The standard equation for the 

linear plot in figure 3.6 is: y = 4.0842~ + 0.0905. This method obeyed Beer's law in 

the concentration ranges of 0.08 - 0.4 mglml. 

Volume of standard 
solution 

Standard solution 
10 
20 
30 
40 
50 

Final diluted volume 
(ml) 
200 
100 
100 
100 
100 
100 

Concentration of sample 
(i~g/ml) 
802.50 - 
80.25 

i 160.50 
240.75 
321.00 
401.25 



".- 0 I 
0 0.1 0.2 0.3 0.4 0.5 

Concentration (mglml) 

Figure3.6 Standard curve used during spectrophotometric analysis of 

roxithromcyin. 

3.3 Characterisation methods of different roxithromycin crystal forms 

According to Bernstein (2002:94), different polymorphic forms represent different 

crystal structures, hence every physical, or chemical property, may vary among the 

polymorphic structures of a material. Therefore, practically any analytical technique 

that measures the properties of a solid material may in theory be used to detect 

polymorphism and to characterise differences and similarities among them. 

Because every technique provides unique information and some may not distinguish 

among a particular set of polymorphs, the importance of utilising a wide variety of 

techniques for the identification and characterisation of a polymorphic system cannot be 

overemphasised (Bernstein, 2002:94). 

The aim of this section is to discuss the different analytical techniques used to detect 

and characterise different polymorphic, pseudopolymorphic and amorphous forms of 

roxithromycin. 



Atkr roxithromycin crystals were prepared by means of recrystallisation in various 

solvents (Chapter 4), the following recommended analytical methods were used to 

characterise the different crystal and amorphous forms of roxithromycin: 

I. Chrystallography: X-ray diffraction 

X-ray powder diffraction. 

Variable temperature x-ray powder diffractometry. 

11. Microscopy 

Thermal microscopy. 

111. Thermal methods of analysis 

Thermogravimetry. 

Differential scanning calorimetry. 

N. Molecular motion: vibrational spectroscopy 

Infrared absorption spectroscopy. 

V. Particle size analysis 

VI. Powder dissolution 

VII. Solubility (Brittain, 1999:227-228). 

Of all these methods, XRPD is the most confumative. It is crucial to know that the 

defining criterion for the existence of polymorphic and pseudopolymorphic types is a 

nonequivalence of crystal structures, hence, requiring that non-equivalent XRPD 

patterns should be observed for the various forms. All other observations must be 

considered as supporting and additional information that cannot alone be taken as 

definitive proof of the existence of polymorphism (Brittain, 1997:405). 



3.31 X-ray crystallography 

In the most favourable circumstances, XRPD can lead to a complete determination of 

the structure of a solid, as well as the determination of the crystal packing relationship 

among individual molecules in the solid. This emphasises the dominant nature of x-ray 

crystallography as a method of characterisation of polymorphic forms of a drug (Bym et 

al., 1999:47). 

While single crystal x-ray diffraction is used for the determination of the detailed 

molecular and crystal structure, XRPD is employed for the qualitative identification of 

individual polymorphic, pseudopolymorphic, and amorphous phases or mixtures of 

phases (Bernstein, 2002:lll). For the purpose of this study only the latter will be 

discussed. 

All XRPD techniques are ultimately based on Bragg's Law. 

Bragg's condition: nl. = 2d sin B 

I = wavelength of the x-ray radiation 

d = particular spacing between individual parallel planes 

0 = angle of incidence 

This relationship states that a multiple (n) of the wavelength (I) must equal twice the 

distance (d) between planes, multiplied by the sine of the angle of incidence (Bym et 

al., 199954). 

For the condition to be satisfied, the angle 0 between the incident radiation and that set 

of planes, should result in constructive interference (Bernstein, 2002:112). 

Figure 3.7 is a schematic illustration of the distribution of scattered radiation. The 

diffracted x-ray beams behave as if they are reflected from planes passing through the 

crystal. 



Figure 3.7 X-rays diffracted by planes with spacing d at a diffraction angle of 0 

(Bym et al., 199954). 

If the radiation is viewed as a wave, the three rays (A, B and C) will reinforce each other 

only if their path lengths differ by exactly one wavelength @ym et al., 199953). 

3.3.1.1 X-ray powder diffractometry (XRPD) 

The x-ray powder diffraction pattern of a solid is a plot of the diffraction intensity as a 

function of "28 angles. This pattern is unique for each crystal structure and as such may 

be considered to be a fingerprint of that solid (Bernstein, 2002:112). 

Since XRPD is the predominant tool for studing polycrystalline materials, it is highly 

suitable for the characterisation of polymorphs and solvates. As shown in the flow chart 

for polymorphs in Chapter 1, XRPD is the first step in discovering polymorphic forms 

after recrystallisation. It is a simple method to perform and no single crystals are 

required, for measurements are taken from powdered samples. 

The XRPD pattern displays a series of peaks, detected at characteristic scattering angles. 

These angles and their intensities provide a full crystallographic characterisation of the 

powdered sample. The higher the intensity counts of the peaks, the more crystalline the 

structure. When comparing the obtained XRPD pattern with that of a reference, a new 

polymorphic identity could be established (Brittain, 1999:236). 

With regard to an amorphous material, the incoherent, scattered radiation from the 

amorphous fraction of the sample, adds to the general background of the powder 

pattern. This is displayed as a diffuse halo on the XRPD pattern (Bym et al., 1999:63). 



A Bmker D8 Advanced d i h t o m e t e r  (Bmker, Germany) was used to collect XRPD 

data of roxithromycin. The procedure included the following steps: Approximately 200 

mg of powdered samples were packed into aluminium sample holders. The 

measurement conditions were: target, Cu; voltage, 40 kV; current, 30 mA, divergence 

slit, 2 mm; antiscatter slit, 0.6 mm; detector slit, 0.2 mm; monochromator, scanning 

speed, 2"Imin (step sue, 0.025'; step time, 1.0 sec.). 

3.3.1.2 Variable temperature x-ray powder diffraction m D )  

Variable temperature x-ray powder diffraction was employed to detect and observe 

interconversions of crystal forms under increasing temperatures, as well as for the study 

of the desolvation process of some roxithromycin forms being prepared in this study. 

This will be discussed where relevant later in this study. 

VTXRPD patterns were recorded, using an Anton Paar I T K  450, low temperature 

camera (Anton Paar, Austria), which was attached to a Bmker D8 Advance 

d i h t o m e t e r  (Bmker, Germany). A heating rate of 10"CIcycle was used during 

determinations. 

Powdered samples of less than 200 mg of roxithromycin each were transferred into 

aluminium sample holders. The conditions were: target, Cu; voltage, 40 kV; current, 

30 mA; divergence slit, 2 mm; antiscatter slit, 0.6 mm; detector slit, 0.2 mm; 

monochromator; scanning speed, 2"Imin (step size, 0.025"; step time, 1.0 sec.). 

3.3.2 Microscopy: Thermal microscopy (TM) 

Microscopy is applied to visually observe and correlate the bulk behaviour of a solid 

with the properties of its component particles. 

The attachment of a hot stage to a microscope enables temperature control, while 

observing and recording any physical change in the solid phase. Physical and chemical 

properties of the possible forms of roxithromycin, which have been visualised and 

confmed by this method were: 

Changes in transparency or outward appearance, indicating a solid-state 

transformation; 



Signs of gas evolution (immersed in mineral oil), indicating loss of 

solvent because of desolvation on heat, and 

Melting behaviow and melting equilibrium, an identifying constant 

(Bym et al., 199973). 

A small sample of mxithromycin was immersed in a drop of silicone oil placed on an 

object plate, covered with a cover plate, and observed and recorded .with a Nikon 

Eclipse E400 (Nicon, Japan) thermomicroscope, equipped with a Metrathem 1200d 

heating unit and a Nicon Coolpix 5400 digital camera. 

3.33 Thermal methods of analysis 

Through thermal methods of analysis any changes in the physico-chemical properties of 

a solid substance can be examined with increasing temperature. The most commonly 

used methods are differential scanning calorimetry (DSC) and thermogravimehic 

analysis (TGA). 

3.3.3.1 Differential scanning calorimetry (DSC) 

Differential scanning calorimetry involves determination of the melting point of a 

substance. With DSC one could measure the differences in temperatures of the sample 

and a reference compound, as the temperature of the system is changed. It also provides 

information on the enthalpy changes of various solid-state processes (Bym et al., 

1999:81). 

Brittian (1999253) differentiated between two types of DSC methods, e.g. power- 

compensation DSC and heat-flux DSC. During this study heat-flux DSC was applied. 

With this method the heat differential between the sample and the reference was 

monitored. The difference in heat flow between the sample and reference was also 

recorded and observed. 

Approximately 2-4 mg of samples were weighed and heated in closed aluminium crimp 

cells at a heating rate of 5 and 10Wmin respectively. A Shiiadzu DSC-50 instrument 

(Shimadzu, Kyoto, Japan) was used. The samples were heated under a nitrogen purge 



with a flow rate of 35 mllmin, to a maximum temperature of 175°C. The thennogram 

being recorded is a plot of the difference in heat flow (heat flow of the sample-heat flow 

of the reference) versur T (temperature). The endothermic peaks are an indication of 

absorbed heat, solvent loss, phase transitions, or melting. 

3.33.2 Thermogravimetric analysis (TGA) 

Thermogravimetric analysis (TGA) is used to determine any weight loss of a sample in 

relation to an increase in temperature. If any change in weight is observed, it could be 

an indication of loss of a solvent of crystallisation. 

Approximately 5-8 mg of samples of roxithromycin were weighed into an open 

platinum cell, and changes in mass at elevated temperatures were recorded with a 

Shimadzu TGA-50 instrument ( S h i m a h  Kyoto, Japan). The samples were hkated at a 

heating rate of 10°C/min under a nitrogen purge of 35 mlhin, to a maximum 

temperature of 200°C. 

The experimental weight loss of solvated samples were determined with the Shimadzu 

TGA-50 and compared to that of the theoretical weight loss, calculated by means of the 

following equation: 

Molecular weight(so1vent) 
% Weight loss = x 100% 

Molecular weight(so1vent) + Molecular weight(roxithromycin) 

3.3.4 Molecnlar motion: Infrared absorption spectroscopy (lR) 

Kendall, in Haleblian and McCrone (1969:918) defmed infrared absorption 

spectroscopy (IR) to be both a quantitative and qualitative technique to characterise and 

identify different solid forms. When spectral differences are observed it is not always 

clear whether it is due to conformational differences, or to differences in crystal packing 

(Bym et al., 1999112). This emphasises the fact that monocharacterisation methods 

are not suitable for the characterisation of different solids. 



IR-spectra 'were recorded with a Nicolet Nexus 470-FT-IR spectrometer (Nicolet 

instmment corporation, Maddison, USA) over a range of 400 - 4000 cm-'. KBr was 

used as a background. The sample was dispersed in a matrix of powdered potassium 

bromide and through diffuse reflectance infirared Fourier transform spectroscopy 

@RIFTS) the IR-spectra were measured in a reflectance cell. According to Roston et 

al. (1993:294) this technique is less likely to lead to polymorphic transformations, or 

loss of solvent, than the more aggressive grinding that is necessary for mull preparation, 

or the pressure that is required to make a pellet. The IR-spectral results were compared 

to determine possible differences that could indicate different polymorphic, 

pseudopolymorphic or amorphous forms. 

It is important to use solid samples when measuring IR-spectra, since dissolved 

polymorphs (polymorphs in solution) of a compound have identical spectra. 

3.3.5 Dissolution 

During the study of roxithromycin, powder dissolution was applied to all polymorphic 

forms, with a method adjustment where necessary. 

3.3.5.1 Powder d i l u t i o n :  Method A 

The dissolution rate of a drug substance is an important aspect; especially the 

dissolution rate of the substance in its dosage form, for the bioavailability of a drug 

substance depends on the dissolution rate of the substance. Thus, the dissolution rate of 

various polymorphic forms can differ and it is necessary to determine this to save costs 

and time during manufacturing. As previously mentioned (3.2.4), roxithromycin has a 

very low solubility in water, as well as a poor wettability, which emphasises the need of 

dissolution studies. 

Powder dissolution studies were performed at a constant temperature of 37 *0S0C on a 

VanderKamp 600 (Van Kel Indusbies, Chatham, New Jersey, USA) dissolution tester, 

equipped with a VanderKamp heater-circulator. 

The method applied during determination of the dissolution rate of the different 

polymorphic, pseudopolymorphic and amorphous forms of roxithromycin was as 

follows: 



Approximately 200 mg of samples were weighed into test tubes, whereafter 100 mg of 

glass beads were added. The dissolution medium was 500 ml of phosphate buffer (pH 

6). 3 ml of the dissolution medium was added to each sample and the samples were 

vortexed for 2 minutes before rinsing it into the dissolution vessels with dissolution 

medium from each corresponding vessel. Three dissolution vessels were used for each 

form being recrystallised in this study (Chapter 4). The paddles were rotating at 75 rpm 

and 10 ml samples were withdrawn from the vessels at time intervals of 7.5, 15, and 30 

minutes, using 10 ml syringes to which 0.45 low protein binding, durapore (PVDF) 

filters were attached. 5 ml of the withdrawn samples each was diluted to a final volume 

of 25 ml with dissolution medium. 

The concentration of the dissolved powder was measured spectrophotometrically, as 

was discussed earlier in this chapter (section 3.2.7). - 

33.5.2 Powder dissolution: Method B 

During the powder dissolution studies some of the polymorphic, pseudopolymorphic 

and amorphous forms formed gels in the test tubes during vortexing, which made it 

difficult and 1 or almost impossible to quantitatively transfer the samples from the test 

tubes into the dissolution vessels. As a result a powder dissolution, without prior 

vortexing was implemented. Approximately 200 mg of powdered samples were 

accurately weighed into 6 test tubes. Each powder sample was directly transferred into 

the dissolution vessels, in which the dissolution conditions were kept the same as for 

powder dissolution, method A (section 3.3.5.1). 

The results of both the powder dissolution methods A and B, are illustrated by means of 

dissolution curves, where the percentage of powder dissolved is plotted in relation to 

time. 

3.3.6 Solubility tests 

The solubility of a solid is extremely important when considering dosage formulation. 

During the dissolution studies, some of the polymorphic, pseudopolymorphic and 

amorphous forms formed gels during vortexing. Thus no accurate dissolution results 

were obtained, which necessitated solubility determinations. 



A 24-hour solubility test was performed. Samples of 10 mg each were weighed into 10 

ml test tubes with screw caps. To 5, x 10 ml test tubes each, phosphate buffer (pH 6), 

0.1 N HCI and H20, respectively, were added and the caps tightly closed. For each 

solvent therefore, 5 test tubes were filled. The test tubes were rotated at 54 rpm 

(Heidolph RZR-2000 mtator, Germany) in a thermostatically (Julabo EW4 thermostat, 

Germany) controlled water bath at 39 *2"C. AAer 24 hours the samples were removed 

from the bath and withdrawn, using 10 ml syringes, to which 0.45 pn low protein 

binding, durapore (PMF) membranes were attached. 4 ml samples were diluted to 50 

ml of, using each of the three solvents respectively. The concentrations of the diluted 

samples were determined spectrophotomehically at 206 nm (3.7.2). A Beckman DU- 

650i spectrophotometer (USA) was used. 

A standard sample of roxithromycin was prepared as follows: Solution A was prepared - 
by dissolving 100 mg of roxithromycin raw material in 250 ml of solvent. 5 ml of 

solution A was then diluted to a final volume of 25 ml, using the sahe solvent. 

The following equation was applied to calculate the percentage dissolved between the 

different forms: 

Abs(samp1e) x Cstd x V(so1vent) x 100 x 50 
% Dissolved = 

Avg(std4bs) x Mass(samp1e) x 4 

The results are illustrated by means of a bar chart where the solubility of the different 

forms is compared for each medium. 

3.3.7 Particle size 

Roxithromycin crystals were recrystallised by means of slow and rapid recrystallisation. 

The crystals were ground and sieved through a 250 pm sieve. Thus no particles were 

greater than 250 pm. 



33.8 Conclosion 

Early identification and characterisation of possible polymorphism in a drug substance 

is critical for the development of a new drug. This reduces the chance of undesired 

surprises during the late stage of production, which could cost time and money 

(Vippagunta et d., 2001:23). 

When comparing the results of the various methods of characterisation as discussed in 

this chapter, one should be able to confirm the existence of possible polymorphic, 

pseudopolymorphic and amorphous forms of roxithromycin. 

The results will be discussed in the chapters that follow. 



CHAPTER 4 

Preparation and Characterisation of Polymorphic, Pseudopolymorphic 

and Amorphous Forms of Roxithromycin 

4.1 Introduction 

The early identification and characterisation of different crystal forms of a drug 

substance are of utmost importance to the pharmaceutical industry. As was discussed in 

Chapter 1, it is expected from a solid drug substance to exist in different crystal forms, 

due to different intra-molecular arrangements within its crystal structure. The 

significance of this statement lies in the fact that these different arrangements of 

molecules could lead to different physico-chemical properties and physico-chemical 

s ta thy,  hence influencing preformulation and manufacturing of such a substance. 

The physico-chemical stability of a compound depends on these intra-molecular 

changes in crystals During preparation and preformulation, several activities are 

performed on a substance, such as grinding, or exposure to changes in temperature. 

These activities could lead to phase transitions between crystal structures. Transitions 

between the metastable and stable phases of a solid should be considered while 

developing a dosage form, for it may influence the physico-chemical properties and thus 

the bioavailability of a compound. 

Some of the methods used to prepare different polymorphic forms, as was described in 

Chapter 1, were chosen to recrystallise different polymorphic, pseudopolymorphic and 

amorphous forms of mxithromycin from different solvents. The physico-chemical 

properties of these forms were subsequently investigated, using the analytical methods, 

as was described in Chapter 3. 

The aim of this chapter therefore is to describe the physico-chemical properties of 

various polymorphic forms of roxithromycin, being recrystallised from different 

solvents, and to classify these forms accordingly. 



4.2 Preparation of roxithromycin crystals 

The process of crystal formation was comprehensively described in Chapter 1. To 

summarise, the recrystallisation process consists of th~ee steps: 

a phase of supersaturation, 

primary nucleation, and 

secondary nucleation (Bym et al., 1999: 15-18). 

By using different solvents, various supersaturated solutions of roxithromycin were 

prepared and allowed to evaporate at room temperature. This method will henceforth 

be referred to as "slow rec?ystallisalion". 

Another way to prepare crystals is by meansof accelerated evaporation. This was 

performed, using a rotary evaporator and chloroform as solvent. Accelerated 

evaporation will henceforth be referred to as "rapid rec?ystallisation". 

4.2.1 Slow recrystallisation 

Approximately 20-25 mg of roxithromycin powder was added to polytops, each 

containing a small volume of one of 20 different solvents (table 4.1), until each solution 

was supersaturated. The polytops were then sealed with perforated lids and the samples 

left undisturbed for a period of time, to allow for the slow evaporation of solvents at 

room temperature. Recrystallisation from the solutions varied between periods of 2 and 

8 weeks. Table 4.1 lists the different solvents being used during slow recrystallisation 

of roxithromycin. 



Table 4.1 Solvents used for the recrystallisation of roxithromycin 

4.2.2 Rapid recrystallisation 

Rapid recrystallisation differed from slow recrystallisation in this study, in that the 

solvent used was chloroform. Also, a rotary evaporator, attached to a vacuum to aid the 

evaporation of all of the solvent from the solution, enhanced the recrystallisation 

process. A Buchi Rotavapor R110 rotation evaporator (Ehchi, Flawil, Switzerland) was 

used. The heating bath temperature was set at 70 f 5°C. 



4.3 Classification of rorithromycin crystal forms 

The physicochemical properties of the recrystallised roxithromycin crystals were 

subsequently determined.  ordi din^ to the physicochemical properties, the crystals 

could be classified into 6 different forms: 

1. Form A: Stable, high melting point (12S°C) crystal form. 

2. Form B: Amorphous, low melting point (82OC) form. 

3. Form C: Stable, mid-melting point (108°C) crystal form. 

4. Form D: Amorphous, chloroform-solvated form. 

5. Form E: Form EL having a low melting point (95 *doc), Form EH 

having a higher melting point (108 H°C), and a mixture of the two. 

6 .  Form F: Low melting point Form FL which transformed into a mid- 

melting point Form FM, which in turn transformed into a high melting 

point Form FH. 

The different forms of roxithromycin will be discussed in the following order: Group I 

represents the true polymorphs, while Group I1 represents the pseudopolymorphic 

crystal forms. 

Grouo I: True polymorphs 

Form A 

Form B 

Form C 

Form E 

Form F 

Grouo II: Pseudopolymorps 

Form D 



4.3.1 Methods and solvents used to prepare roxithromycin crystal forms 

Slow recrystallisation was used to prepare all crystal forms of roxithromycin in this 

study, except for form D, where rapid recrystallisation was used. The following table 

shows the different solvents that resulted in the six forms of roxithromycin being 

identified and classified. 

Table 4.2 Solvents used to prepare six roxithromycin forms 

Polymorphic form I Solvent used 
Form A I Dimethyl sulphoxide (DMSO) 

I ~ o r m  B I ~ t h v ~  acetate I 

I Form E I Dichloromethane I 

- - - ~ ~ -  - 
I . 

I Form F I Acetonitrile I 

Form C 

4.4 Characterisation of Group I 

Telrahydrofiuan 0 

In this section, the data relating to the polymorphic forms in Group I, is presented, 

whereafter a discussion of the differences and similarities of the forms in this group will 

follow. 

Forms classified in Group I: 

Form A: Stable, high melting point (128OC) crystal form. 

Form B: Amorphous, low melting point (82°C) form. 

Form C: Stable, mid-melting point (108°C) crystal form. 

Form E: Form EL having a low melting point (95 *4OC), Form EH having a 

higher melting point (108 M°C), and a mixture of the two. 

Form D 

Form F: Low melting point Form FL which transformed into a mid- 

melting point Form FM, which in turn transformed into a high 

melting point Form FH. Both transitions were induced by a 

gradual increase in the temperature. 

- Chloroform 



4.4.1 Characterisation of roxithromycin Form A 

4.4.1.1 X-ray powder diffractometry @FWD) of Form A 

After slow recrystallisation from DMSO, the crystals were carefully ground and 

prepared for x-ray powder d i h t o m e t r y  (XRPD) analysis. An XRPD pattern is being 

described as a fingerprint of a specific crystal form (Bemstein, 2002:112), and as such 

is being regarded as an extremely reliable method to characterise the different crystal 

forms of roxithromycin. XRPD is also the primary method of polymorphic 

characterisation (Brittain, 1999:235). 

The XRPD pattern of roxithromycin Form A is illustrated in figure 4.1. The peak 

angles (20) and relative intensities (Vlo) of the main peaks are listed in table 4.3. 



S Theta 

Figure 4.1 XRPD pattern of roxithromycin high melting point Form A. 



Table Main x-ray powder diffraction intensity ratios O/Io) 
angles (TO) of roxithromycin Form A 

8.3 I LO. 1 

9.8 100.0 

Peak angles (90) 

and main peak 

Relative intensities 
(mo) 

- - -, . 



4.4.1.2 Infrared spectroscopy (IR) of Form A 

According to Byrn et d. (19991 1 I), infrared spectroscopy is extremely sensitive to 

structure, conformation, and the environment of an organic compound, and as such is 

thus a powerful method for the characterisation and identification of different crystal 

forms of a dmg. 

The technique of diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) 

was used for the inhred (IR) determination of the polymorphic forms of 

roxithromycin. This procedure is less likely to lead to polymorphic transitions, or loss 

of solvenf than the more aggressive grinding that is necessary for mull preparation, or 

pressure that is required to make a pellet (Roston et al., 1993). The sample was 

dispersed inside a matrix of powdered potassium bromide. The IR spectrum of 

roxithromycin Form A is illustrated in figure 4.2. Table 4.4 lists the main IR absarption 

peaks and their corresponding wavenumbers (cm-I). 

The IR spectrum of Form A was recorded on a freshly prepared hatch of crystals (As), 

which was ground and then sieved through a 250 pn sieve, and ground again with KBr. 

This spectrum of A correlated well with that of the spectrum of Form A (figure 4.2). 

Thus, recrystallisation of roxithromycin with DMSO resulted in a very stable, 

reproducible crystal form (Form A), which was not affected by the grinding process. 

The superimposed spectra of Form A and A, are shown in figure 4.3. The main region 

of differentiation between the different polymorphic forms throughout the study was in 

the 4000 - 2000 cm-' region of the IR spectra. The spectra of Form A and A were 

compared. The IR absorption peaks and their corresponding wavenumbers of Form A 

(red) and A (blue) are listed in table 4.4. 
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Table4.4 IR absorption peaks and their corresponding wavenumbers of 

roxithromycin Form A and A 

Main 
absorptions 

1 

Wavenun 
Form A 

3676.1 



4.4.13 Thermal methods of characterisation of Form A 

Bernstein (2002: 104) described thermal methods of analysis as a change in the physical 

state of a material, accompanied by the liberation, or absorption of heat. Thermal 

methods of analysis usually include differential scanning calorimetry (DSC), 

thermogravimetric analysis (TGA) and thermomicmscopy (TM), and in some cases, 

where a phase transition is expected, variable temperature x-ray powder diflktometry 

(VTXRPD). Since the thermogram of Form A (figure 4.4) did not indicate the 

possibility of a pseudopolymorphic form (solvate or hydrate), only DSC was used for its 

characterisation. 

4.4.13.1 Differential scanning calorimetry (DSC) of Form A 

According to Bym et 01. (1999:83), DSC rnea?.uk the difference in energy (heat flux or 

heat flow) between a reference and a sample. 

Approximately 2-4 mg of a roxithromycin Form A sample, which had been ground and 

sieved through a 250 pn sieve, was accurately weighed into an aluminium crimp cell 

and sealed. The melting point of Form A was recorded on a Shimadzu DSC-50. The 

sample was heated at a rate of 10°C/min, under a nitrogen flow rate of 35 mllmin. 

Figure 4.4 illustrates the thermogram of Form A. 

Figure 
I 

4.4 DSC thermogram of roxithromycin Form A. 



The stability of Form A, as was discussed in the previous section (4.4.1.21 was 

confirmed by DSC. Figure 4.5 is an overlay of the two thermograms of Form A and AS. 

The melting point of 128.97T of Form A correlated well with that of As. 

Figure 4.5 DSC thermograms of mxithromycin Form A and A,. 

4.4.1.4 Dissolution of Form A 

Powder dissolution studies (method A) were performed on a VanderKamp 600 

dissolution tester (3.3.5.1). Form A crystals were ground and six samples each of 

approximately 200 mg of sieved powder and 100 mg of glass beads, were accurately 

weighed into six test tubes. The dissolution medium was a phosphate buffer (pH 6). 

The medium temperatures inside the vessels were kept at 37°C M.5"C. The six samples 

were each vortexed for two minutes with 3 ml of dissolution medium. 9 ml of the 

dissolution medium was withdrawn from the corresponding vessel ofeach sample, with 

which the samples were rinsed from the test tubes into the dissolution vessels, whilst 

paddles were already rotating at 75 rpm. Dissolution samples were taken at 7.5, 15 and 

30 minutes. The concentration of dissolved powder was measured from their W 

absorbance at 206 nm. The dissolution curve and data for mxithromycin Form A are 

shown in figure 4.6 and table 4.5. 



0 20 
0 7.5 15 22.5 30 

Withdrawal time (mint&%) 

Figure 4.6 Dissolution profile ofroxithromycin Form A. 

Table 4.5 Dissolution results of roxithromycin Form A in phosphate buffer (pH 6) 

(the value added to or subtracted from the mean indicates the standard 

error from the mean, often referred to as the SEM value) 

During vortexing a gel formed, which complicated the quantitative transfer of the 

samples into the dissolution vessels, hence the poor dissolution results. This 

necessitated the performance of solubility tests on the various forms. 

4.4.1.5 Solubility of Form A 

Form A crystals were ground and sieved through a 250 pn sieve. Approximately 10 

mg of sample was accurately weighed into 15 x 10 ml test tubes, having screw caps. 10 

ml each of the three dissolution media, water, 0.1 N HCI and phosphate buffer (pH 6), 



were respectively added to 5 test tubes, containing the powdered Form A (as discussed 

in Chapter 3). 

The samples were rotated at 54 rpm (Heidolph RZR-2000 rotator, Germany) in a 

thermostatically (Julabo EM4 thermostat, Germany) controlled water bath at 39 e ° C .  

After 24 hours the test tubes were removed from the water bath and the solutions were 

filtered (0.45 pn filters). 4 ml of each filtrate was diluted to 50 ml with the respective 

media, and analysed against a standard solution on the W-spectrophotometer at 206 

nm. The standard solutions were prepared as follows, as per each medium: 100,20 mg 

of roxithromycin was dissolved in 250 ml of medium to prepare solution A, of which 5 

ml was diluted to 25 ml with the medium. Where Hz0 and 0.1 N HCI were used as 

solubility media, 20 ml of the medium was substituted with methanol to assure that the 

roxithromycin powder would dissolve completely. - The solubility test results for 

roxithromycin Form A are illusbated in table 4.6 and figure 4.7. 

Table 4.6 Solubility test results of roxithromycin Form A (the value added to or 

subtracted from the mean indicates the standard error from the mean, 

often referred to as the SEM value) 



Buffer pH 6 0.1 N HCI Water 

Solvent 

Figure 4.7 The differences in solubilities of roxithromycin Form A in different 

solvents. 

The solubility of Form A was in the following order: phosphate buffer (pH 6) > 0.1 N 

HCI > water. The high solubility of Form A in phosphate buffer (pH 6) indicated that 

the poor dissolution results (22% after 30 minutes) could be attributed to the gel 

formation during vortexing of the sample, which resulted in a poor transfer of the 

sample into the dissolution vessels. 

4.4.2 Characterisation of roxithromycin Form B 

4.4.2.1 X-ray powder diffractometry (XRPD) of Form B 

Form B was recrystallised h m  ethyl acetate by means of slow recrystallisation and 

prepared for XRPD analysis. Figure 4.8 illustrates the XRPD pattern obtained for Form 

B. The peak angles ("20) and relative intensities (VIo) of the main peaks are listed in 

table 4.7. 



Table 4.7 Main x-ray powder diffraction intensity ratios (VIo) 

angles ("28) of Form B 

and main 

--.-- 
Peak angles (78) 

Relative intensities 

1w.o 



4 10 20 30 

O 2  Theta 

Figure 4.8 X-ray powder difhction pattern of roxithromycin Form B. 



4.4.2.2 Infrared spectrmcopy (JR) of Form B 

Form B was dispersed in KBr and the DRIFTS was recorded. The IR spectrum is 

displayed in figure 4.9. The main absorption peaks with their corresponding 

wavenumbers (cm-I) are listed in table 4.8. 

L 
WaKnurnbers (cml) 

Figure 4.9 IR spectrum of roxithromycin Form B. 



Table4.8 Main absorption peaks of roxithromycin Form B with their 

corresponding wavenumben (cm-') 

4.4.2.3 Thermal methods of analysis of Form B 

Main 
absorptions 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

The thermal methods applied to characterise roxithromycin Form B included DSC and 

TM. 

Form B 
Wavennmbers (em-3 

3417.47 
2%9.98 
2939.40 
2877.1 1 
2827.88 
2786.87 
1736.32 
1634.93 
1456.67 
1377.09 
1341.87 
1276.1 1 
1166.95 
1126.20 
11 10.41 
1080.68 
1052.77 
1011.69 
984.85 
958.% 
927.89 
891.62 
863.18 
837.10 
804.54 
772.89 
713.12 
697.47 
663.26 
639.28 

4.4.23.1 Differential scanning enlorimetry @SC) of Form B 

Form B was prepared and weighed as was described for Form A (section 4.4.1.3.1). 

The DSC thermogram being recorded is displayed in figure 4.10. 



82.3OC
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Figure 4.10 DSC thermogram of roxithromycin Form B.

4.4.2.3.2 Thermomicroscopy (TM) of Form B

Thermomicroscopy was performed. The results are illustrated in the following table.

Table 4.9 Summary ofTM results ofroxithromycin Form B

Fonn 8 at room
temperature (25°C).

Fonn 8 starting to melt at 86°C. Melting completed at 108°C.

89



4.4.2.4 Dissolution of Form B 

Powder dissolution, methods A and B, were performed on the VanderKamp 600 

dissolution tester. 

4.4.2.4.1 Powder dissolution: Method A 

Form B was prepared for a dissolution study (section 3.3.5.1). As was the case with 

Form A, the powdered Form B formed a gel during vortexing. It was hence impossible 

to transfer an accurate amount, if any, to the dissolution medium. As a result no powder 

dissolution results were generated for this crystal form. 

4.4.2.4.2 Powder dissolution: Method B 

Form B was prepared for the powder dissolution (3.3.5.2). The dissolution procedure 

being followed was similar to that of method A, except for the exclusion of vortexing. 

The powder was directly transferred into the vessels, in which the dissolution conditions 

were the same as those described in section 3.3.5.1. Only 4 powdered samples of Form 

B were analysed, due to insufficient sample. Table 4.10 shows the results obtained 

from the powder dissolution test, method B. The dissolution curve is illustrated in 

figure4.11. 

Table 4.10 Summary of the dissolution results of roxithromycin Form B in 

phosphate buffer (pH 6) (the value added to or subtracted from the mean 

indicates the standard error from the mean, often referred to as the SEM 

value) 

( Dissolution 1 Concentration dissolved (%) 
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Figure 4.11 Dissolution profile of roxithromycin Form B (method B). 

4.4.2.5 Solubility of Form B 

The solubility of Form B was examined, using the method as described in section 3.3.6. 

The solubility test results of Form B are listed in table 4.1 1 and illustrated in figure 

4.12. 

Table 4.11 Solubility test results of roxithromycin Form B (the value added to or 

subtracted from the mean indicates the standard error from the mean, 

often referred to as the SEM value) 



Buffer pH 6 0.1 N HCI Water 

Solvent 

Figure 4.12 The differences in solubilities of mxithromycin Form B in different 

solvents. 

The solubility of Form B was in the following order: phosphate buffer (pH 6) > 0.1 N 

HCl > water. The solubility test results correlated well with the dissolution (method B) 

results. 

4.4.3 Characterisation of roxithromycin Form C 

The process of slow recrystallisation of roxithmmycin with tetrahydrofuran (THF) as a 

solvent, resulted in the formation of Form C crystals. The methods of characterisation 

as described in Chapter 3 were applied and the results are discussed below. 

4.43.1 X-ray powder diffraetometry (XRF'D) of Form C 

Form C crystals were ground and prepared for XRPD analysis. The XRPD pattern 

obtained is illustrated in figure 4.13 and table 4.12 lists the main peak angles (20) and 

their relative intensities (VIo). 



Table 4.12 XRPD data of roxithromycin Form C 

Peak angla (%) 

4.9 
6.5 

Relative intcasitks 
Wlo) 
39.8 
60.2 
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Figure 4.13 X-ray powder diffraction pattern o f  roxithromycin Form C. 



4.43.2 Infrared spectroscopy (lR) of Form C 

As described previously, the crystals obtained from THF recrystallisation were 

dispersed in KBr and the DRIFTS was recorded. The IR spectrum obtained is 

illustrated in figure 4.14. Table 4.13 lists the main absorption peaks with their 

corresponding wavenumbers (cm-I). 

Tnble4.13 Main absorption peaks of roxithromycin Form C with their 

corresponding wavenumbers 



Wavenumben (cm-1) 

Figure 4.14 Infrared spectrum of roxithromycin Form C. 

4.43.3 Thermal methods of analysis of Form C 

Crystals of Form C were prepared for DSC and TM analysis. 

4.43.3.1 Differential scanning calorimetry @SC) of Form C 

Approximately 2-4 mg of a roxithromycin Form C sample, which had been ground and 

sieved through a 250 pn sieve, was accurately weighed into an aluminium crimp cell 

and sealed. The sample was heated at a rate of 10°C/min, under a nitrogen flow rate of 

35 ml/min. The thermogram recorded (figure 4.15) displayed a single endothermic 

peak at temperature 108.38OC. 
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Figure 4.15 DSC thermogram of roxithromycin Form C.

4.4.3.3.2 Thermomicroscopy (TM) of Form C

A small amount of Form C crystals was placed on a microscope object plate and

examined under a microscope, to which a hot stage was attached. With increasing heat

the crystals responded as illustrated in table 4.14.

The results ofthe thermomicroscopic examination corresponded well to that ofthe DSC

thermogram (figure 4.15).

Table 4.14 Summary ofthe TM results ofroxithromycin Form C

97



4.4.3.4 Dissolution of Form C 

Form C crystals were prepared for dissolution, as described in section 3.3.5.1. The 

dissolution properties of Form C were investigated by means of powder dissolution, 

method A. The dissolution results and their profile are illustrated in table 4.15 and 

figure 4.16. 

Table 4.15 Powder dissolution results of roxithromycin Form C in phosphate buffer 

(pH 6) (the value added to or subtracted from the mean indicates the 

standard e m r  from the mean, often referred to as the SEM value) 

0 7.5 15 22.5 30 

Withdrawal time (minhs) 

Figure 4.16 Dissolution curve of roxithromycin Form C. 



4.43.5 Solubility of Form C 

The Form C crystals were ground and then sieved through a 250 pn sieve, after which a 

sample was prepared according to section 3.3.6. The solubility test results are listed in 

table 4.16, whereas figure 4.17 illustrates the solubility of Form C in different solvents. 

Table 4.16 Solubility test results of roxithromycin Form C (the value added to or 

subtracted from the mean indicates the standard error from the mean, 

often referred to as the SEM value) 
-- - - - -  - - - - 

Test tube 
  on cent ration soluble (%) 

E O  0.1 N HCI [ Phosphate buffer (pH 6) 
1 I 17 i n  I 06 67 I a? nn 

BuIler pH 6 0.1 N HCI Water 

Solvent 

3 
4 
5 

AVERAGE 

Figure 4.17 Solubilities of roxithromycin Form C in different solvents. 

The solubility of Form C was in the following order: phosphate buffer (pH 6) > 0.1 N 

HCl >water. 

Experimental error 
Experimental error 
Experimental error 

36.64 M.46 

96.71 
94.33 
95.13 

95.27 M.63 

93.42 
107.00 
93.44 

95.60 d 8 8  - 



4.4.4 Cbaracterisation of roxithromycin Form E 

Form E crystals resulted from slow recrystallisation of roxithromycin from 

dichloromethane. 

4.4.4.1 X-ray powder diffractometry (XRPD) of Form E 

Form E crystals were ground and prepared for XRPD analysis. Figure 4.18 illustrates 

the superimposed XRPD patterns obtained for Form E. Two forms were obtained from 

recrystallisation from dichloromethane, a low (95 i4T) and a higher melting point (108 

*4OC) form, as well as a mixture of the two. These two forms will thus be referred to as 

Forms EL and EH, respectively, according to their melting points. 

The main relative ppk intensities (VIo) and their respective peak angles ("20) are listed 

in table 4.17. 

Table 4.17 Main x-ray powder d i m t i o n  intensity ratios (VIo) and main peak 

angles ("20) of roxithromycin Form E 

( angles I intensities I angles 1 intensities 1 
Form EL Form En 

Peak I Relative I Peak I Relative 
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Figure 4.18 Superimposed XRPD patterns of (a) Form EL, and @) Form E,. 



4.4.4.2 Infrared spectroscopy (IR) of Form E

As described previously, the Fonn E crystals, obtained from dichloromethane

recrystallisation were dispersed in KBr and the DRIFTS of each fonn was recorded.

The IR spectra for Fonns EL and EHare illustrated in figure 4.19. Table 4.18 lists the

main absorption peaks with their corresponding wavenumbers (em-I).
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Figure 4.19 Superimposed IR spectra ofroxithromycin Fonns EL(red) and EH(blue).
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Table 4.18 Main absorption peaks of roxithromycin Forms EL and EH 

n (ern-') 
Form Em 

3412.50 
29703 1 
2937.04 
2876.01 
2827.44 
2780.75 
173624 
1633.85 
1456.82 
1377.54 
1343.92 
1279.48 
1167.59 
1109.93 
1081.35 
1051.13 
1013.07 
958.14 
893.37 
863.64 
835.76 
804.83 
774.00 
697.51 
664.29 
639.75 

4.4.4.3 Thermal methods of analysis of Form E 

For the characterisation of Form E, three thermal methods were'applied: DSC, TM and 

VTXRPD. 

4.4.4.3.1 Differential scanning calorimetry (DSC) of Form E 

Approximately 2-4 mg of the Form EL crystals that had been recrystallised from 

dichloromethane, was weighed into an aluminium crimp cell and sealed. The sample 

was heated at a rate of 10°C/min, under a nitrogen flow rate of 35 mlhin. Figure 4.20 

illustrates the thermogram obtained. 



Figure 4.20 DSC thermogram of mxithromycin Form EL. 

Another DSC study was performed on the crystals of a freshly prepared Form EL. 

These crystals were ground and sieved through a 250 pm sieve. The thermogram (a) in 

figure 4.21 was obtained at a heating rate of 10Wmin. The same crystals were tested 

two months later (b) at a heating rate of lOWmin, showing its transition into form EH 

and (c) at a heating rate of S0C/min, illustrating a mixture of Forms EL and EH. 



Figure 4.21 Superimposed DSC thermograms of Form EL at two heating rates. 

Table 4.19 lists the heat of fusion (Jlg) being recorded for Form EL c~ystals, compared 

to those recorded for Form EN. 

Table 4.19 Heat of fusion of Forms EL and EH 

Form EL 

The heat of fusion rule states that two forms are enanriotropes when the higher melting 

polymorph has the lower heat of h i o n  (Grant, 1999:18). This rule thus applies to 

Form EH. Forms EL and EH are thus an enantiotropic system. It is well known that for 

enantiotropic polymorphs a reversible transition, at a specific transition temperature, 

can be observed. This statement explains the variety of melting points obtained on 

Form E (Grant, 1999: 18). 

Form Em 
- 

point ( O C )  

92.12 
96.7 1 
99.52 - 

Melting 1 Heat of I Melting 1 Heat of 
Fusion (Jlg) 

28.29 
33.74 
34.36 

- 
point PC) 

107.96 
104.17 
103.79 

Fusion (Jlg) 
23.06 
19.93 
23.31 



4.4.4.3.2 Thennomicroscopy (TM) of Form E

The crystals of the mixture of the low and high melting point fonns <£mix)were placed

on an object plate in a drop of silicone oil, covered with a cover plate, and observed

under a thennomicroscope, to which a hot stage was attached. Table 4.20 is a summary

of the thennomicroscopy results.

Table 4.20 Summary of the TM results ofroxithromycin Fonn Emix

, . .~ .

Some of the crystals started
melting at (84-95°C).

Form Emix
crystals (64-70"C)

Form Emix crystals

at room temperature (20.SOC).

The second phase crystals
melting (113-124°C).

Table 4.20 illustrates the melting process of Fonn £mix. Only some of the crystals

(Fonn EL) started to melt at 84°C. At 84-95°C only Fonn EHcrystals were visible,

which started to melt at 113°C. These TM results indicated no presence of

pseudopolymorphism, but indeed a mixture of two crystal fonns.
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4.4.4.3.3 Variable temperature x-ray powder diffractometry (VTXRPD)

With a hot stage being attached to the XRPD, the following VTXRPD patterns (figure

4.22) of Form EL were obtained. The temperature range was 25°C - 105°C, 10°C/step.

As illustrated there was no phase transition within this temperature range for Form EL.
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Figure 4.22 VTXRPD pattern ofroxithromycin Form EL.
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4.4.4.4 D i l u t i o n  of Form E 

A powder dissolution (method A) was performed on Form EL. The same procedure as 

described in section 3.3.5.1 was followed. The results are illustrated in figure 4.23 and 

table 4.2 1. 

Table 4.21 Dissolution results of roxithmmycin Form E, in phosphate buffer (pH 6) 

(the value added to or subtracted fiom the mean indicates the standard 

e m r  from the mean, often referred to as the SEM value) 

T 

- 
- 

- 
. 

. 

Y 

I 0 7.5 15 22.5 M 

Withdrawal time (minutes) s 
Figure 4.23 Dissolution profile of roxithromycin Form EL. 



4.4.4.5 Solubility of Form E 

Form E, crystals were ground and sieved through a 250 pm sieve. The samples were 

weighed and their solubilities were evaluated as described in section 3.3.6. Figure 4.24 

and table 4.22 illustrate the results obtained from the solubility test. 

Table 4.22 Solubility test results of mxithromycin Form E, (the value added to or 

subtracted from the mean indicates the standard error from the mean, 

often referred to as the SEM value) 

Buflw pH 6 0.1 N HCI Water 

Solvent 

Figure 4.24 Solubilities of mxithromycin Form EL in different solvents. 

The solubility of Form E was in the following order. 0.1 N HCI > phosphate buffer (pH 

6) > water. The solubility test results correlated well with the dissolution results. 



4.4.5 Characterisation of roxithromycin Form F 

From acetonitrile three forms, each having a different melting point range, i.e. (106- 

108OC), (lll-116°C) and (124-128°C) were prepared. These forms will thus be 

referred to as Forms Fb FM, and FH, respectively. 

The same three forms were obtained by exposing Form FL crystals to increased 

temperatures in an incubator, starting at 2S°C, with the last observation recorded at 

1 lS°C. The results from this study are illustrated in figure 4.26. 

4.4.5.1 X-ray powder diffractometry (XRF'D) of Form F 

Form F crystals were ground and prepared for XRPD analysis. Table 423 shows the 

peak angles ("20) and relative intensities (IiIo) of the main peaks of the XRPD patterns, 

as illustrated in figure 4.25. The main difference in the XRPD dih tograms  among 

these thee forms is the peak at 15.2 '28, which is absent in form FL, weak in Form FM 

and stronger in Form FH. 



Table 4.23 Main x-ray powder diffraction intensity ratios @/lo) and main peak 

angles ("20) of roxithromycin Forms FL FM and FH 

Form FL 1 Form F, I Form Fg 
Pak I Relative I Puk 1 Relative I Puk I Relative 



Figure 4.25 Overlay of the. x-ray powder difhctograms of mxithromycin Foms (a) 

FL, @) FM md (c) FH. 



Superimposed XRPD diffiactograms are shown in figure 4.26. These results show the

transition of Form FLinto Form FH,resulting from the heating of the Form FLcrystals.
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Figure 4.26 Superimposed XRPD diffiactograms of Form F crystals.
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4.4.5.2 Infrared spectnwcopy @) of Form F 

As was described previously, the Form F crystals were dispersed in KBr and the 

DRIFTS of each form was recorded (figure 4.27). A list of the main absorption peaks 

with their corresponding wavenumbers (an-') of Forms FL, FM and FH is presented in 

table 4.24. 

Table 4.24 The main absorption peaks and their respective wavenumbers of the 

three forms of roxithmmycin Form F 

1 
Form FL 
3577.00 
352333 
3465.04 

2980.41 
2880.M 
2827.02 
2250.25 

1736.01 
1726.64 
1633.60 
1466.03 
145027 
1368.65 
1343.88 
1288.89 
1240.16 
1169.62 
1128.05 
1112.61 

- 
1073.86 
1010.45 
982.86 
957.43 
914.25 
891.53 
847.17 
831.11 
802.79 
790.23 
770.46 
753.% 
725.15 
697.95 
661.51 

634.82 

veournbcn (a 
Form FM 
3576.63 
352455 
3464.65 

298059 
2880.79 
2828.18 
Z250.51 - 
1726.24 
1632.73 
1465.68 
1449.88 
1368.3 1 
134425 
1288.85 
1240.68 
1169.62 
1128.17 
11 12.54 

- 
1074.70 
101129 
983.02 
958.11 
914.34 
891.73 
847.56 
831.54 
802.% 
790.23 
768.86 
754.34 
724.29 
697.94 
660.64 
669.15 
634.90 

I 

Form F. 
3575.86 
3525.69 
3464.00 
326933 
2980.6 1 
2880.88 
2828.48 

1743.07 
- 

1726.05 
1629.41 
1466.66 
1449.79 
1368.55 
1344.50 
1289.16 
1241.07 
1169.68 
1128.24 
1112.48 
1077.64 

- 
1011.89 
983.12 
958.53 
914.31 
891.72 
847.78 
831.72 
803.08 
790.17 
767.48 
754.65 
723.54 
697.97 - 
669.80 
634.90 



Wawnumbers (cm-1)

Figure 4.27 Infrared spectrum ofroxithromycin Forms FL,FMand FH.

4.4.5.3 Thermal methods of analysis of Form F

During the thermal investigation of the three forms of Form F, DSC and TM were

applied.

4.4.5.3.1 Differential scanning calorimetry (DSC) of Form F

Form F crystals were ground and approximately 2-4 mg ofthe F form crystals each, was

weighed into an aluminium crimp cell and sealed. Each sample was heated at a rate of

10°C/min, under a nitrogen flow rate of 35 ml/min. The three thermograms, recorded

on a Shimadzu DSC-50, are shown in figure 4.28.
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~ i & e  4.28 An overlay of the DSC thennograms of roxithromycin Forms FL, FM and 

FH. 

Based on the melting point of 113.5l0C, a DSC study was conducted by heating the 

sample to 60°C. The temperature was then held at 60°C for 10 minutes, before further 

increasing the temperature. Hence, the mid-melting phase was inhibited and only the 

high melting endothermic peak was recorded on the thermogram. This way Form FM 

was transformed into the stable Form FH (figure 4.29). In order to investigate the 

possibility of a transition between Forms FL (107.92OC) and FM (1 13.5IoC), a VTXRPD 

study was conducted from 25°C to 105T (figure 4.31). Figure 4.30 illustrates the 

initial DSC thennogram, as well as the thermogram that was recorded following the 

VTXRPD study. 



Figure 4.29 Thennogram of Fonn FM atter a holding time of 10 minutes at 60°C. 

Figure 430 Overlay of the DSC thermograms recorded in relation to the VTXRPD 

study. 



Table 4.25 Heat of fusion of Forms FL, FM and FH 

According to the heat of h i o n  rule, forms are related monotropically, when the higher 

melting point form has the higher heat of fusion (Byrn et al., 1999:85). The relationship 

between Forms FL, FM and FH hence represents a monotropic system. 

4.4.53.2 Variable temperature X-ray powder diffractometry (VTXRPD) 

The possibility of a transition of Form FL into Form FM necessitated VTXRPD anabsis. 

Figure 4.31 illustrates the results. 

The phase transition of Form FL into Form FM is clearly visible from the VTXRPD 

pattern, with a weak peak at 8.3 028, that intensified with an increase in the temperature 

from 75°C onwards. The strong peak at 14.2 028 decreased from 25°C onwards, and 

almost disappeared. A strong peak appeared at 16 028 at 65OC and intensified as the 

temperature was increased. 
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Figure 4.31 Variable temperature X-ray powder diffractometry (VTXRPD) pattern of

Form FL,showing the transition into Form FM.
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4.4.5.3.3 Thermomicroscopy (TM) of Form F

A thermomicroscopic investigation was done, but without using silicone oil (see section

4.4.4.3.2).

Table 4.26 Summary ofTM results ofroxithromycin Form F

Fonn FLcrystals starting to melt
( 108"C).

Fonn FHcrystals starting to melt
(115°C).

t
Ii'

.

Fonn FLcrystals, melting
comDleted (ll8"C).

Fonn FHcrystals, melting
comDleted (120"C).
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4.4.5.4 Dissolution of Form F 

Two powder dissolution tests were performed on Form FM, using methods A and B, in 

order to compare the dissolution profiles of the amorphous Form B and the crystalline 

Form FM (see section 4.5.4. for discussion). 

4.4.5.4.1 Powder d i l u t i o n :  Method A 

Form FM crystals were prepared as for a powder dissolution, method A (section 3.3.5.1). 

Table 4.27 lists the concentrations of Form FM that had dissolved at the respective time 

intervals. The dissolution curve of Form FM is illustrated in figure 4.32. 

Table 4.27 Dissolution results of mxithromycin Form FM in phosphate buffer (pH 6) 

(method A) (the value added to or subtracted from the mean indicates the 

standard error fiom the mean, often referred to as the SEM value) 

Dissolution 
vessel 

- 
m 

40 

* 20 

0 ililiiEEil 0 7.5 WiUadnwal 15 time (minutes) 22.5 30 

* 

2 
3 

AVERAGE - 

Figure 4.32 Dissolution profile of roxithromycin Form FM (method A). 

1 I 65 77 I Q 1  6 X  00 60 

- 

Concentration dissolved (%) 
7.5 min 
--.-- 
85.96 
90.12 

80.43 *7.70 

15 min I 30 miu 
< 

97.34 
100.92 

96.65 e.69 

,<..,, 
101.55 
102.27 

101.17 M.76 



4.4.5.43 Powder dissolution: Method B 

Form FM crystals were prepared as for powder dissolution, method B (section 3.3.5.2). 

The results are l i  in table 4.28 and shown in figure 4.33. 

Table4.28 Summary of the dissolution results of roxithromycin Form FM in 

phosphate buffer (pH 6) (method B) (the value added to or subtracted 

h m  the mean indicates the standard error from the mean, otten referred 

to as the SEM value) 

1 

0 7.5 15 Z 5  30 

Wilhdrawal time (minds) 

Figore4.33 Dissolution profile of the powder dissolution study (method B) of 

roxithromycin Form FM. 



The dissolution profiles of both methods were comparable. After 15 minutes the 

concentrations of the powders being dissolved were 96.65% (method A) and 99.66% 

(method B). After 30 minutes the concentrations of the powders being dissolved were 

101.17% and 104.96%, respectively. Thus, vortexing of the samples did not influence 

the dissolution results of Form F. 

4.4.5.5 Solubility of Form F 

Form FM crystals were prepared for the solubility test, as described in section 3.3.6. 

The results obtained were as illustrated in table 4.29 and figure 4.34. 

Table 4.29 Solubility test results of roxithromycin Form FM (the value added to or 

subtracted from the mean indicates the standard e m r  from the mean, 

often referred to as the SEM value) 

BufbpH6 0.1 N HCI Water 

Solvent 

Test tube Concentration soluble (%) 

Figure 434 Solubilities of roxithromycin Form FM in different solvents. 

123 

H z 0  0.1 N HCI I Phosphate buffer (pH 6) 
1 I 7.84 I 75.32 I 96.79 



The solubility of Form F was in the following order: phosphate buffer (pH 6) > 0.1 N 

HCI > water. The solubility test results of Form F in phosphate buffer (pH 6) correlated 

well with the dissolution results. 

4.5 Characterisation of Group II 

The aim of this section is to present and discuss all results obtained for the crystal forms 

in Group 11. 

The only form being classified in this study as a Group I1 crystal form is: 

Form D: Chloroform, amorphous solvated form. 

Group I1 represents the pseudopolymorphic crystal f6rm of mxithromycin. 

4.5.1 Characterisation of roxithromycin Form D 

It was already mentioned that mxithromycin Form D crystals were prepared by means 

of rapid recrystallisation from chloroform. 

4.5.1.1 X-ray powder diffractometry (XRPD) of Form D 

Form D crystals were prepared for XRPD analysis. The XRPD pattern obtained is 

illustrated in figure 4.35. Table 4.30 shows the main peak angles ('28), as well as the 

relative intensities (1110). 

The solvated crystals were allowed to desolvate at room temperature for a period of four 

months. Figure 4.36 and table 4.31 illustrate the XRPD results obtained from the 

desolvated crystals of Form D. The d i k t o g r a m s  illustrate that the crystallinity of the 

desolvated crystals was much higher, as indicated by the high peak intensity counts 

(1600), compared to the low peak intensity counts (220) of the amorphous Form D 

(figure 4.35). 

The diffractogram of the desolvated Form D resembled that of Form A, indicating a 

transition from the amorphous solvated form into the stable high melting point Form A. 



-~ ~ - 

Table 4.30 Main peak angles and relative peak intensities of mxithrornycin Form D 

Peak angles (93) Relative intensities 
( M o )  

< 7 I 70 I. 
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Figure 435 XRPD pattern of roxithromycin Form D, illustrating a halo-shaped 

diffractogram, characteristic of amorphous forms (Guillory, 1999208). 
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Figure 4.36 XRPD pattern of the desolvated roxithromycin Form D. 



Table 4.31 Main peak angles and relative peak intensities of the desolvated 

roxithromycin Form D 



4.5.1.2 Infrared spectroscopy of Form D 

The solvated and desolvated crystals of Form D were. dispersed in KBr and the DRIFTS 

of each was recorded: The IR spectra obtained are illustrated in figures 4.37 and 4.38, 

and the main absorption peaks, with their corresponding wavenumben (cm-I), are listed 

in table 4.32. 

Wavenumben (cml) 

Figure 4.37 IR spectrum of roxithromycin Form D (solvated form). 



Table 432 Main absorption peaks and corresponding wavenumbers (cm-') of the 

solvated and desolvated Form D 

Main 
absorptions 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

wavenun 

Form D 

n (em-') 
Form D 

(dcsolvated) 
3574.93 
3523.67 
3461.22 

2979.13 
2%8.52- 
2941.76 
2879.13 
2828.43 - 
1726.06 
1633.20 
1466.95 - 
1405.98 
1387.56 

- 
1369.05 
1344.39 
1289.50 
1279.32 
1261.73 
1240.81 
1172.60 

- 
1128.24 
11 12.52 

1073.87 
1050.63 
1011.97 
983.22 
958.42 
914.02 
891.76 
866.44 
848.14 
831.68 
803.24 
767.56 
754.55 
723.74 
697.93 

634.97 

Figure 4.38 illustrates the infrared spectrum of the desolvated Form D. 
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Figure 4.38 IR spectrum of the desolvated roxithromycin Fonn D.

An overlay of the IR spectra of the solvated and desolvated Fonn D are shown in figure

4.39. The differences are noticeable. The first single peak (3400-3600 em-I) of the

spectrum of the solvated Fonn D is split into three separate peaks in the desolvated

Fonn D.
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Figure 4.39 Overlay of the IR spectra of roxithromycin Fonn D, showing the

differences between the solvated (red) and desolvated (blue) fonns.
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4.5.1.3 Thermal methods of analysis of Form D 

DSC, TGA and TM analyses were performed on Form D crystals. 

4.5.13.1 Differential scanning calorimetry (DSC) of Form D 

Approximately 2 4  rng of Form D, which had been ground and sieved through a 250 pn 

sieve, was accurately weighed into an aluminium crimp cell and sealed. The sample 

was heated at a rate of SoCImin, under a nitrogen flow rate of 35 mllrnin. Figure 4.40 

illustrates the thermogram recorded on a Shimadzu DSC-SO. 

Figure 4.40 DSC thermogram of roxithrornycin Form D (heating rate: 5TIrnin). 

As for IR spectroscopy, DSC was also performed after a 4-month period. The 

thermogram obtained is illustrated in figure 4.41 and shows roxithrornycin Form D 

being desolvated. 



DSC 
nH 

Figure 4.41 DSC thermogram of desolvated roxithromycin Form D. 

4.5.1.3.2 Tbermogravimetric analysis (TGA) of Form D 

Approximately 5-8 mg of Form D crystals were weighed into a platinum sample pan. 

Figure 4.42 shows the calculated weight loss at increasing temperatures. The 8.99% 

weight loss could be an indication of a solvated crystal form (theoretical value: 12.5%). 



Figure 4.42 TGA results of roxithromycin Form D. 

4.5.1.3.3 Thermomicrosropy (TM) of Form D 

The assumption that Form D could be a pseudopolymorphic (solvated) crystal form, 

required further clarification. Hence, the next step was to observe the crystals under a 

microscope, while being heated. A few crystals were placed on a microscope object 

plate, inside a drop of silicone oil. The first observation was recorded at room 

temperature. Table 4.33 shows the TM results. 



Table 4.33 TM results ofFonn D

Fonn D crystals at room
temper.W1ue(26°C)

Fonn D crystals beginning to
desolvate (83°C)

Fonn D crystals desolvating
(86°C)

Fonn D crystals starting to
melt (I 07OC)

Fonn D crystals melting
(I II 0c)

4.5.1.4 Dissolution of Form D

Melting process completed
(I 18°C)

Powder dissolution test, method A, was perfonned on Fonn D, according to the

procedure as described in section 3.3.5.1. Figure 4.43 and table 4.34 illustrate the

results obtained from the powder dissolution.

Table 4.34 Dissolution results of roxithromycin Fonn D in phosphate buffer (pH 6)

(the value added to or subtracted from the mean indicates the standard

error from the mean, often referred to as the SEM value)

135

Dissolution vessel Concentration dissolved %)
7.5 min 15 min 30 min

1 90.97 101.62 106.80
2 87.20 106.93 105.11
3 94.82 100.92 109.79

AVERAGE 91.00:t2.20 103.16 :1:1.90 107.23 :1:1.37
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Figure 4.43 Dissolution curve of roxithromycin Form D. 

4.5.1.5 Solubility of Form D 

Form D crystals were ground and sieved through a 250 pn sieve. The solubility was 

determined according to the same procedure as described in section 3.3.6. The results 

are shown in figure 4.44 and table 4.35. 

Table 4.35 Solubility test results of mxithmmycin Form D (the value added to or 

subtracted from the mean indicates the standard error from the mean, 

often referred to as the SEM value) 

5 I 40.24 
AVERAGE I 30.24 G.25 I 

eurration soluble (%) 
n.1 N HCI I Phosphate buffer (pH 6) 



B&rpH6 0.1 N HCI Water 

Solvent 

Figure 4.44 Solubilities of roxithromycin Form D in different solvents. 

The solubility of Form D was in the following order: phosphate buffer (pH 6) > 0.1 N 

HCI > water. The solubility of Form D in phosphate buffer (pH 6) correlated well with 

the dissolution profile of Form D in the same medium. 

4.6 Discussion of roxithromycin crystal forms 

The aim of this section is to discuss the results obtained, as described in the previous 

sections (4.4 and 4.5), by comparing the differences and similarities of the six forms, 

being classified as Group I and TI crystal forms of roxithromycin. 

4.6.1 X-ray powder diffraction 

Form A is a stable, high melting (126 h2T) polymorph of roxithromycin. The high 

peak intensity counts (1200), as illustrated on the XRPD diffractogram, are indicative of 

the high crystallanity of this form. 

The XRPD pattern of the high melting Form A differs largely 6om that of Form B. 

This is illustrated by the high peak intensity (100%) at 020 value 9.8 of Form A, 

compared to that of Form B, where no peak was recorded at that specific 020 value. In 

the diffractogram of Form B, the first peak was recorded at 5.2 020, compared to the 

first peak of Form A at 8.3 020. The amorphous character of Form B is indicated by the 

low peak intensity counts (480). 



Form C differs from both Forms A and B, with the first XRPD peak being recorded at 

4.9 "28 and a peak maximum (100%) at 22.9 "28, compared to the 28% peak of Form A, 

and none recorded for Form B. 

The difference of the XRPD diffiactogram of Form D, compared to those of the other 

forms, is clear. The diffuse halo-shaped diffractogram of Form D is evidence of the 

amorphous character of this cholorform solvate. Only a small amount of peaks, with 

the peak maximum (lW/o) recorded at 7.6 "28, were recorded for Form D, compared to 

the other forms. 

The differences among the crystal forms of Form E (EL and En), and those among the 

crystal forms of Form F (FL, FM and FH) were discussed in sections 4.4.4.1 and 4.4.5.1, 

respectively. 

A comparison of the XRPD patterns of Form E (EL and EH), with those of Form F (FL, 

FM and FH), showed the following significant dicerences. 

The first peak at 5.3 "28 of Form EH appeared on neither of the other forms of Forms E 

and F. Only Forms EL and EH have the second peak at 6.7 "28, while this peak is absent 

in Form F. Form FL does not show the same peak at 15.2 "20 (8.3%), as in Forms FH 

and FM. 

To illustrate the differences among Forms A, B, C, D, E and F, all the main peak 

intensities and peak angles were tabulated, as is shown in table 4.36. The superimposed 

XRPD patterns of Forms A, B, C and D are illustrated in figure 4.45, while those of 

Forms E and F are illustrated in figure 4.46. 

Table 4.36 (following pages) clearly indicates that Forms A, B, C, D, E and F, obtained 

through recrystallisation of roxithromycin from different solvents, are indeed different 

forms, with different crystalline properties. 



Table 4.36 Comparison o f  the main peak intensities (1110) and peak angles C28) of roxithromycin Forms A, B, C, D, E and F 
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Figure 4.45 Superimposed XRPD patterns of roxithromycin Forms A, B, C and D.
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Figure 4.46 Superimposed XRPDdiffractogramsofroxithromycin FormsE and F.
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Figure 4.46 Superimposed XRPD difictograms of roxithromycin Forms E and F. 



4.6.2 Infrared speetroseopy of roxitbromycin 

A comparison of the IR spectra of Forms A and B shows significant differences, 

particularly in the 4000 - 3000 cm-I range. The three peaks at positions 3567.40 cm-I, 

3523.97 cm-I and 3461.95 cm-I in Form A, are not present in Form B. Only one peak at 

3417.47 cm-' is present in Form B. Hence, as for the XRPD patterns, the IR spectra of 

these two forms of roxithromycin differ significantly. 

Another significant difference is the peak at 1725.41 cm-' in Form A, which is not 

present in any of the other roxithromycin crystal forms. 

The spectra of Forms C, D and EL are comparable with that of Form B, with the 

exception of two peaks: the first one being at 2781.25 cm-I in Form EL, and not present 

in any other form, and the peak at 1629.28 cm'l, only present in Form C. 

The IR spectrum of Form F diffirs from the other forms, due to the absence of a peak at 

2250.17 cm-I, butwhich appears on the spectra of all the other forms. The spectrum of 

Form F shows the same three peaks in the 3400-3600 cm-I range, as Form A, whereas 

the other four forms show only one peak. 

Although a few differences among the various spectra are observed, characterisation by 

means of infrared spectroscopy cannot be used as a monocharacterisation method. 

Figure 4.47 gives an overlay of the IR spectra of the different polymorphic, 

pseudopolymorphic and amorphous forms of roxithromycin. The absorption peaks with 

their corresponding wavenumbers are listed in table 4.37. 
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Figure 4.47 IR spectra of different crystal forms of roxithromycin, i.e. A, B, C, D, EL

and FL.
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Table 4.37 The main absorption peaks of roxithromycin crystal forms with their 

corresponding wavenumbers 



4.6.3 Thermal methods of analysis 

4.6.3.1 Differential scanning calorimetry @SC) 

The thennogram of Form A shows a single peak, having a high melting point of 

128.97OC (figure 4.3), compared to that of Form B (figure 4.8), showing a single low 

melting point at 82.3 OC. The thermogram of Form C shows the mid-melting point of 

108.38"C. 

From dichloromethane as recrystallisation solvent, Forms EL (low melting point of 95 

+4T) and EH (high melting point oflO8 i 4 T )  were prepared. According to the heat of 

fusion rule, it was determined that Forms EL and EH were an enantiotropic system. 

Form F crystals appeared to have transformed from a Form FL (107.92T) into a mid- 

melting point Form FM (1 13.51°C), which further transformed into a high melting point 

Form FH (126.83'C). The transition was investigated by means of a temperature study, 

involving exposure to increased temperatures in an incubator, within a range of 25°C to 

115OC, as shown in figure 4.26. According to the heat of fusion rule, forms are 

monotropically related, when the higher melting point form has the higher heat of 

fusion, which applied to the Form F crystal forms. 

Although Form C (108.38"C), Form EH (108.0°C) and Form FL (107.92) had similar 

melting points, their XRPD patterns showed significant differences, representing three 

different polymorphic forms. 

The desolvation of the amorphous, solvated Form D was confirmed by DSC analysis, 

illustrating a single peak at 126.7OC. An overlay of the solvated and desolvated Form D 

is shown in figure 4.48. 



Figure 4.48 DSC thermograms of the solvated and desolvated Form D. 

DSC is also a useful method of characterisation. Figure 4.49 is an overlay of the 

thermograms of the polymorphic, pseudopolymorphic and amorphous forms of 

roxithromycin, illustrating the differences in melting points between the different 

polymorphic forms of roxithromycin. 



Figure 4.49 Superimposed thermograms o f  the different forms of roxithromycin: (a) 

Form A, @) Form B, (c) Form C, (d) Form D, (e) Form EL, (0 
Form EH, (g) Form FL, Q Form FM and (i) Form FH. 



4.6.3.2Thermomicroscopy (TM)

Table 4.38 Summary of the TM results of the various crystal forms of

roxithromycin.

Form D crystals at room
temperature (26°C).

Form D crystals desolvating
(86°C).

Melting process completed
(118°C).

o
Form F crystals at room

temperature (25°C).
Form F crystals starting to

melt (1110C).
Form F crystals melting

comoleted (119"C).
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Table 4.38 is a summary of the thermomicmxopy m) results, illustrating the 

differences in melting behaviour of the different crystal forms of roxithromycin. Form 

B started to melt at 101°C. The melting process of Form B was complete at 108OC. 

The melting process of Form C started at a temperature of 103°C and was complete at 

115OC, which confirmed the mid-melting point of Form C. 

The gas evolution in Form D, at 86T, was indicative of the desolvation process during 

the TM investigation. The crystals started to melt at 107'C. 

A small amount of Form EL crystals melted at 64-70T, whereas actual melting took 

place at 84-90T (table 4.20). 

Form EH crystals started melting at 113-124T. 

Form FM crystals started melting at 11 I T .  

This summary correlates well with the DSC thennograms of the respective forms. 

4.6.4 Powder dissolution studies 

The powder dissolution test (method A) on Form B failed, due to poor wettability. As 

was described in Chapter 1 (section 1.4) a reason for lump formation could be the 

electrostatic properties of the tine particles, as can be found in amorphous powders 

(Henwood et al.. 2000:403-408). This may very well have applied to Form B. 

The difficulties experienced during dissolution of the rest of the crystal forms were a 

result of gel formation, but to a lesser extent. Since none of Forms A, C, EL and FM 

were amorphous, the gel formation could be a result of poor wettability, due to the 

hydrophobic character of roxithromycin (Gharbi-Benarous et al., 1991 :I 124). 

A powder dissolution test (method B), as described by L6tter et al. (1983:56), was 

performed on Forms B and FM, without prior vortexing of the powder with glass beads. 

Form FM had a faster initial dissolution rate than Form B after 15 minutes. Both 

samples were almost completely dissolved after 30 minutes. The results are illustrated 

in figure 4.50. 



22.5 30

Withdrawal time (minutes)

Figure 4.50 An overlay of the dissolution curves of roxithromycin Forms B and FM

(method B).

The dissolution results of Forms A, C, D, EL and FM,according to powder dissolution

method A, are illustrated in figure 4.51. Form A had the lowest concentration after 7.5

minutes, due to gel formation and thus poor transferability, and was thus not

comparable with the dissolution profiles of the other forms. All the forms, except Form

A, showed favourable dissolution properties.

o 7.5 15 30

Withdrawal time (minutes)

Figure 4.51 A comparison between the dissolution curves of the polymorphic,

pseudopolymorphic and amorphous forms of roxithromycin (Forms E

and F refer to Forms ELand FM,respectively).
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4.6.4.1 Powder dissolution: similarity factor (4) 

The similarities between the dissolution curves of the crystal and amorphous forms 

were calculated by means of the equation by Moore and Flanner (1996:64-67). 

f 2 = 50. log [[l + (;lz 1-1 W(Rt - 2't)'T .loo) 

Where: 
n = Number of dissolution time points. 

Rt = Reference dissolution value, at time t. 

Tt = Test dissolution value, at time t. 

Wt = Optional weighing factor. 

The theoretical value o f f  2 (similarity factor) to indicate identical test profiles for test 

and reference is 100. Similarity factor values between 50 and 100 (a range that equals 

an average difference of not more than 10% between mean dissolution profiles), 

indicate equivalence of the two dissolution profiles (Moore & Flanner, 1996:66). 

Table 439 Similarity of dissolution profiles of the crystal and amorphous forms of 

roxithromycin in phosphate buffer (pH 6) 

I Powder dissolution: Method A I 
Reference sample: Raw material (batch: MLOlQ1001) 

Form I Similarity factor (f 2)  
Stable high meltinv Fnnn A I I102 
Stable mid-melting Form C I 64.86 

Chloroform amorphous, solvated Form D 1 48.97 

Based on the f 2 values, as shown in table 4.39, the dissolution results for dissolution 

method A were similar for Forms C, EL and FM, while those of Forms A and D differed 

significantly, compared to the dissolution profile of the raw material. As for powder 

dissolution, method B, the similarity was measured for the dissolution of Forms B and 

Low melting Form EL 82.94 
Mid-melting Form FM 56.84 

Powder dissolution: Method B. Reference sample: Form FM 
Amorphous low melting Form B 39.98 



FM(FMreference sample). The low similarity factor (/2 = 39.98) was indicative of a

significant difference in the dissolution profiles ofthe two fonns.

4.6.5 Solubility of the different forms of roxithromycin

The solubility of all the fonns was in the following order: phosphate buffer (pH 6) >

0.1 N HCI > water. The only exception was that of Fonn EL, where a slightly higher

solubility was obtained in 0.1 N HCI, than in the phosphate buffer (pH 6). The poor

solubility in water confmned that roxithromycin is very slightly soluble in water (BP,

2002:1506) (section 3.2.4). Figure 4.52 illustrates the differences in solubilities.

20

. Buffer pI-*>

. 0.1NHCl

. Water

o
Form A Form B Form C Form D Form E Form F

Figure 4.52 A comparison of the solubility test results of the different crystal fonns

of roxithromycin (Fonns E and F refer to Fonns EL and FM'

respectively).

Although the dissolution results of Fonn A were poor, due to gel fonnation during

vortexing and subsequent poor transferability, the solubility in buffer (pH 6) was

excellent.

154

120

100

-g 80
GI
>
'0. 60.
is
:.e 400



Figure 4.53 

F m A  Form B F m C  F m D  F m E  FormF 

A comparison of the solubility of roxithromycin crystal forms in 

phosphate buffer (pH 6). 

F m A  FOrmB F m C  F m D  F m E  FOrmF 
- -. -- I 

Figure 4.54 A comparison of the solubility of roxithromycin crystal forms in 0.1 N 

HCI. 



1 F m A  Form B FormC Form D F m E  FomF 

Figure 4.55 The solubilities of roxithromycin crystal forms in water. 

The solubility test results on the six forms of mxithmmycin were investigated in order 

to evaluate the significance of the variations between the different forms, as well as the 

possible interactions between form and respective solvent. 

The statistics was based on a two-way analysis of variance (ANOVA), with form and 

solvent as the two variants. The results of this analysis on form, solvent and the 

interaction between the two were as follows, with the emphasis on the variant, form: 

Form: F(5;66) = 56.24 @ < 0.0001) 

Solvent: F(2;66) = 3383.6 (p < 0.0001) 

Form*Solvent: F(10;66) = 46.29 (p < 0.0001) 

The high F-values and very low value of p, indicated significant differences in all three 

cases (Statistics, 2003). The interaction between form and solvent (Form*Solvent) is 

illustrated by means of a scatter plot graph in figure 4.56. 

Based on the Tukey post hoc comparison, the solubility of all six forms differed 

significantly @ < 0.01), except for Form B versus Form F (p = 0.99), and Form C versus 

Form E @ = 0.1 1). Table 4.40 shows the descriptive statistics on the solubility of the 

roxithromycin polymorphic, pseudopolymorphic and amorphous forms. 



Table 4.40 Descriptive statistics: solubility (Statistica, 2003)

Inte ra;ti m: Form *So'" en t;

C lITEJ'It effect: F(10, 66)=46.289, p<O.OOO1
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Figure 4.56 A scatter plot illustration of the interaction between form and solvent for

roxithromycin crystal- and amorphous forms (Statistica, 2003).
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Form % Dissolved % Dissolved 95 % Confidence inten'aln
Mean Std.Err -95.00% +95.00%

A 15 56.90 10.45 34.50 79.31
B 15 61.56 8.75 42.80 80.31
C 12 85.63 6.71 70.87 100.39
D 15 71.64 8.20 54.05 89.23
E 12 81.98 9.21 61.70 102.25
F 15 60.86 11.14 36.96 84.76

Total 84 68.76 3.90 61.01 76.51



The graph in figure 4.56 illustrates the significance of variation between the six 

different forms of roxithromycin in the respective solvents (water, 0.1 N HCI and 

phosphate buffer pH 6). 

4.7 Conclusion 

During this study of the new, ring-macmlide, roxithromycin, six different polymorphic 

forms were successfully recrystallised. The six forms were identified through x-ray 

powder diffractometry (XRPD), infrared spectroscopy OR), thermal analysis (DSC and 

TGA) and thermomicroscopy (TM). The identified forms were: 

1. Form A: Stable, high melting point crystal form. 

2. Form B: Amorphous, low melting point form. 

3. Form C: Stable, mid-melting point crystal form. 

4. Form D: Amorphous, chloroform-solvated form. 

5. Form E: A mixture of two crystal forms, i.e. Form EL having a low 

melting point (95 d o c ) ,  and Form EH having a higher melting point 

(108 M°C). 

6. Low melting point Form FL which transformed into a mid-melting point 

Form FM, which in turn transformed into a high melting point Form FH. 

Both transitions were induced by a gradual increase in the temperature. 

Dissolution tests, as well as solubility studies, were also part of this study. The 

dissolution tests posed some difficulties, particularly during preparation of the samples, 

because of gel formation during vortexing. This impaired accurate dissolution results 

for some crystal forms, due to poor transferability of the samples into the dissolution 

vessels. 

The solubility test results presented the same pattern for all the crystal forms, i.e., 

phosphate buffer (pH 6) > 0.1 N HCI > water, except for Form EL, where the solubility 

in 0.1 N HCI was higher than in phosphate buffer (pH 6). The fact that roxithromycin 

has no free hydroxyl groups, resulted in great hydrophobicity and hence, poor 



wettability of this complex antibiotic. The poor wettability could be the cause of gel 

formation during vortexing, as was already mentioned. 

The difficulties experienced during dissolution tests, as well as the poor wettability and 

solubility of roxithromycin in water, are thus important aspects that require careful 

consideration during preformulation and manufacturing of various dosage forms of 

roxithromycin. 



CHAPTER 5 

Summary and Conclusion 

Roxithromycin is a relatively new, semisynthetic, macrolide antibiotic. It is an ether 

oxime derivative of erythromycin A, consisting of a 14-membered, macrocyclic, lactone 

ring, with sugars linked via glycosidic bonds. As for all macrolides, roxithromycin 

displays antibacterial activity and constitutes an important alternative for patients 

exhibiting penicillin sensitivity and allergy. The reason for such interest in this new 

macrolide is the higher stability in an acid environment, as in the stomach, bdter oral 

bioavailability, as well as more favourable pharmacokinetic behaviour (Pappa-Louisi et 

al.. 2001:57). 

Early identification and characterisation of possible polymorphism in a drug substance 

is critical for the development of a new drug, in order to reduce the chances of costly 

surprises during the later stages of production. 

This study thus concentrated on the solid-state chemistry of roxithromycin, and as such 

focused on the possibility of polymorphism, pseudopolymorphism and amorphism 

within the structure of this antibiotic. From the study of the available literature on 

polymorphism, pseudopolymorphism and amorphous forms (Chapter I), the relevance 

and the importance of identifying and classifying different crystal forms in solid drug 

substances were accentuated. An increasing understanding of the phenomenon of 

polymorphism and pseudopolymorphism should enable pharmaceutical scientists to 

gain control over the crystallisation process, in order to selectively obtain the desired 

polymorph, or suppress the growth of an undesired one (Vippagunta et al., 2001:23). 

No literature references on polymorphism, or pseudopolymorphism, of roxithromycin 

were found. 

The physico-chemical properties, pharmaceutics and pharmacokinetics (Chapter 2) of 

roxithromycin have been investigated, by consulting various relevant literature 

databases. The relationships and interactions between these aspects, as well as the 

stability of a solid drug substance, are important issues to consider, especially during 

preformulation and manufacturing. 



In order to identify and classify the various crystal forms of roxithromycin, various 

recommended analytical techniques (Chapter 3) were performed. XRPD, IR, DSC, 

TGA and TM, of which XRPD was the primary tool of characterisation, were 

performed on roxithromycin, being recrystallised from various organic solvents, by 

means of two recrystallisation procedures (Chapter 4). 

After these characterisation techniques were applied, the physico-chemical properties of 

the respective crystals were determined. The results from these studies indicated that 

roxithromycin indeed possesses the ability to crystallise in different polymorphic, 

pseudopolymorphic and amorphous forms. Six different forms were successfully 

identified: 

1. 

2. 

3. 

4. 

5. 

6. 

Form A: Stable, high melting point (128OC) crystal form. 

Form B: Amorphous, low melting point (82OC) form. 

Form C: Stable, mid-melting point (108°C) crystal form. r 

Form D: Amorphous, chloroform-solvated form. 

Form E: Form EL having a low melting point (95 *4"C), Form EH 

having a higher melting point (108 i4'C), and a mixture of the two. 

Form F: Low melting point Form FL. which transformed into a mid- 

melting point Form FM, which in turn transformed into a high melting 

point Form FH. 

Form A, that had been recrystallised from dimethyl sulphoxide, showed melting 

behaviour similar to that of the raw material that was obtained from a supplier (Chapter 

3). This was indicated in the two DSC thermograms, which both gave melting points of 

127 +2OC. Form A was found to be a very stable, true polymorphic form, as was 

discussed in Chapter 4 (section 4.5.3.1). 

A supersaturated solution of roxithromycin in ethyl acetate resulted in a low melting 

point (82.3"C). amorphous form, identified as Form B. 

The analytical tests being done on Form C, that had been recrystallised from 

tetrahydrofuran, indicated a stable, mid-melting point of 108.38OC. 

Pseudopolymorphic Form D was recrystallised as an amorphous sotvate from 

chloroform. Form D showed amorphous characteristics, as was indicated by the low 



peak intensity counts (220) on the XRPD pattern, as well as the halo-shape of the XRPD 

pattern. 

Form E, a true polymorph, was found to exist as either a lower melting point Form EL 

(92 54OC), or a high melting point Form EH (108 f 4"C), or a mixture thereof. The 

mixture was closely observed under the thermomicroscope, where two phases of the 

crystal form (Form E) were clearly present (table 4.20). 

Form F that had been recrystallised from acetonitrile, transformed from a low melting 

point (106-108°C) Form FL into a mid-melting point (1 13-1 1S0C) Form FM, which then 

further transformed into a high melting point (126'C) Form FH. The b'ansformation was 

induced during a temperature study, where the crystals were exposed to increased 

temperatures in an incubator. Transformations behveen solid phases are important in 

the development of a dosage form, since the presence of a metastable phase during 

processing, or in the final product, often leads to instability, with possible bio- 

availability consequences (Rodrfguez-Hornedo and Wu, 1991643). 

Most drugs are presented as oral dosage forms, thus dissolution and solubility tests are 

required during manufacturing. Dissolution tests were performed on the six forms 

being recrystallised. During these tests, particularly during sample preparation, some 

difficulties were experienced. Vortexing of some of the samples lead to the formation 

of gels, with subsequent poor sample transferability and inaccurate dissolution results. 

The poor dissolution results necessitated the determination of the solubility of the 

various forms of mxithromycin. The solubility results presented the same pattern for 

the six forms, i.e. phosphate buffer (pH 6) > 0.1 N HC1 > water, except Form EL, 

where a higher solubility was obtained in 0.1 N HCI, than in phosphate buffer (pH 6). 

The fact that roxithromycin has no free hydroxyl groups results in a high degree of 

hydrophobicity and hence, poor wettability of this complex antibiotic. The poor 

wettability may have caused gel formation during vortexing, as was mentioned above. 

The hydrophobicity also explains the poor solubility in water. 



Through this research project on polymorphism, where the aim was to characterise and 

identify various crystal forms of roxithromycin, the following questions were answered: 

Does polymorphism occur in roxithromycin? 

Is there any indication of pseudopolymorphism? 

Are the polymorphic forms of roxithromycin stable? 

Does amorphism exist within any solid state of this complex 

antibiotic? 

On the other hand, new questions have emerged, creating an open door for further 

research possibilities on roxithromycin. Is that not what research is all about? 

Konrad ~ o i e n z  once said: "Truth in science can be defined as the working 

hypothesis best suited to open the way to the next better one. " 
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Characterisation of two Roxithromycin polymorphic and 
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ABSTRACT 

Rarithromycin is a relatively new semisynthetic macrolide antibiotic derivedfrom erythromycin A. Not 

much literature was fand  on the physico-chemical properties and none was fand on polymorphism or 

pseudopolymorphism of this 14-membered macrocyclic lactone ring. Tinu this paper deals with the 

occurrence of polymorphism pseudopolymorphism and amorphism and their effect on physico-chemical 

properties of rarithr8mycin. X-ray powder d~fiactometry (XRPD), infrored spectroscopy (IR), dtrerential 

scanning calorimetry (DSC) thennogravimetric analysis (TGA) and thennomicroscopy (TW were metho& 

used to characterise and ident~fi the various forms. Dissolution, which yielded some d~ficulties and 

solubility tests were ako part of the study. A stable high melting polymorphic form and an amorphous 

solvated form were found and characterised 

INTRODUCTION 

Roxithromycin is a relatively new semisynthetic 

macrolide antibiotic and an etber oxime 

derivative of erythromycin A, which consist of a 

14-membered macrocyclic lactone ring (1). 

Roxithromycin has proven clinical efficacy in 

upper and lower respiratory infections, skin and 

soft tissue infections, urogenital- and omdental 

infections (2). The pharmacokinetic profile of 

roxithromycin indicates a higher stability in an 

acid environment and better oral bioavailability 

in comparison to other antibiotics in this group 

(3). Roxithromycin is a white crystalline powder 

(4) which is very slightly soluble in water, 6eely 

soluble in acetone, alcohol and in methylene 

chloride, and slightly soluble in dilute 

hydrochloric acid (5). Roxithromycin is a 

macromolecule with no 6ee hydroxyl p u p s ,  

thus explaining the poor solubility in water. 

Based on its chemical structure (figure 1) it is 

possible tbat roxithromycin could crystalhe in 

polymorphic, pseudopolymorphic or amorphous 

forms. Yet, no literature was found on 

polymorphism or the solid-state properties of 

roxithromycin. In this study two polymorphic 

forms of which one had amorphous as well as 

pseudopolymorphic characteristics, were found 

and chanrcterised. 



Figure 1 Chemical shucture of roxithromycin 

(6). 

Materials 

Roxithromycin raw material was obtained form 

Hovione Pharma Science Limited (batch MU)I 

Qlool). 

Preparation of roxithromycin crystal lorms 

Two general recrystallisation methods were used 

to prepare roxithromycin crystals. 

Approximately 20-25 mg of roxithmmycin 

powder was added to polytops containiig a small 

volume of solvent until the solution was 

supersaturated. The two solvents used were 

diimethyl sulphoxide and chloroform. The 

polytops were sealed and left undisturbed for a 

period of time to allow the solvent to evaporate 

at room temperature. This method is reffered to 

as slow recrystallisation. Rapid recrystallisation 

was used to prepare a larger amount of crystals. 

Using a Buchi Rotavapor RllO (Buchi, Flawil 

Switzerland) attached to a vacuum, to evaporate 

all the solvent 6om the solution, enhanced the 

rccrystalliion process. The solvent used for 

rapid reerystallisation was chloroform. The 

heating bath temperature was set at 70 5°C. 

X-ray powder diffrnctometry 

Approximately 200 mg of the roxithromycin 

sample was weighed into aluminium sample 

holders. X-ray powder dif?iaction (XRPD) 

patterns were obtained at mom temperature, 

using a Bruker D8 Advance difiiactometer 

(Bruker, Germany). The measuring conditions 

were: target, Cu; voltage, 40 kV, current, 30 

mA, divergence slit, 2 mm; antiscatter slit, 0.6 , - 
mm; detector slit, 0.2 mm; monochromator, 

scanning speed, 2"/min (step size, 0.025"; step 

time, 1.0 sec). 

Infrared spectroscopy 

The IR-spectra of roxithmmycin crystals were 

recorded on a Nicolet Nexus 470-FT-IR 

spectrometer over a range of 400 - 4000 an-'. 

KBr was used as a background. The samples 

were dispersed in a matrix of powdered 

potassium bromide and through diffuse 

reflectance infiared spectroscopy (DRIFTS) the 

IR-spectra were measured in a reflectance cell. 

Thermal analysis 

The thermal methods applied during this study 

include differential scanning calorimetry (DSC), 

thermogravimetric analysis (TGA), thermal 



microscopy (TM) and variable temperawe x-ray 

powder diffiactomehy (VTXRF'D). 

DSC: DSC thennograms were recorded using a 

Shimadzu DSC-50 (Shimadzu, Kyoto, Japan). A 

sample of 2-4 mg was heated in a closed 

aluminium crimp cell at a rate of 10°C/min, 

under a nitrogen purge of 35 mVmin to a 

temperature of 175'C. 

TGA: Approximately 5-8 mg samples of 

roxithromycin were weighed into an open 

platinum cell and changes in mass elevated 

temperatures were recorded with a Shimadzu 

TGA-50 instrument (Shimadzu, Kyoto, Japan). 

The samples were heated at a heating rate of 

IO"C1min under a nitrogen purge of 35 mVmin to 

a maximum temperature of 200°C. 

TM: A small sample of roxithromycin 

immersed in a drop of silicone oil, was placed on 

an object plate, covered with a cover plate, 

observed and recorded with a Nikon Eclipse 

E400 (Nicon, Japan) thermomicroscope, 

equipped with a Mehathem l2OOd heating unit 

and a Nicon Coolpix 5400 digital camera. 

VTXRPD: Powdered samples of less than 200 

mg were transferred into aluminium sample 

holden. The conditions were: target, Cu; 

voltage, 40 kV; current, 30 mA; divergence slit, 

2 nun; antiscatter slit, 0.6 nun; detector slit, 0.2 

mm; monochromator; scanning speed, 2"Imin 

(step size, 0.025"; step time, 1.0 sec.). VTXRF'D 

patterns were recorded using an Anton Paar TTK 

450 low temperature camera (Anton Paar, 

Austria), which was attached to a Bmker D8 

Advance ditTractometer (Bruker, Germany). 

Heating steps of lOT/cycle was used during 

determination. 

Powder Diolut ioo Studies 

Powder dissolution was measured accodmg to 

the described method (7) using method 2, paddle 

of the USP:27 (8). Powder dissolution studies 

were performed at a constant temperature of 

37°C on a VanderKamp 600 (Van Kel Industries, 

Chatharn, New Jeney, USA) dissolution tester 

with a VanderKamp heaterlcuculator. 

Approximately 200 mg samples were weighed 

into test tubes, and 100 mg of glass beads were 

added to each sample. 3 ml of the dissolution 

medium, phosphate buffer (pH 6) was added to 

each sample and the samples were agitated by 

means of a vortex for 2 minutes before 

transferring it to the dissolution vessels (500 ml). 

The paddles were rotating at 75 rpm and 10 ml 

samples were withdrawn i?om the medium at 

intervals of 7.5, 15, and 30 minutes, using 10 ml 

syringes with 0.45 pm low protein binding 

durapore (PVDF) membranes. The 

concentration of the dissolved powder was 

measured spectrophotometrically at 206 nm 

using a Beckman DU-650i (USA) 

spectrophotometer. 

Solubility 

A 24-hour solubility test was performed for each 

possible polymorphic form. Samples of 10 mg 

were weighed in 10 ml test tubes with screw 

caps. To each test tube 10 ml of phosphate 

buffer (pH 6), 0.1 M HCI and H20 respectively 



was added and the caps tightly closed, using 5 

test tubes per solvent. The test tubes were 

rotated at 54 rpm (Heidolph RZR-2000 rotator, 

Germany) in a thermostatically (Julabo EM4 

thermostat, Germany) controlled water bath at 

39.tZ0C. After 24 hours the concentration of the 

filtered (0.45 pn low pmtein binding durapore 

(PVDF) membranes) samples were determined 

spectmphotomehically at 206 nm. A Beckman 

DU-650i (USA) spechophotometer was used. 

RESULTS AND DISCUSSION 

Roxithromycin crystals were recrystallised and 

the physico-chemical properties were 

determined. Based on the physico-chemical 

properties, the crystals could be identified and 

classified into two forms. 

1. Form A: Stable high melting point 

crystal form recrystallised from DMSO 

2. Form D: Amorphous solvated crystal 

form recrystallised from chloroform. 

X-ray powder diffractometry (XRPD) 

X-ray powder difhactomehy is the primary 

method of polymorphic characterisation. XRPD 

patterns are described to be a fingerprint of a 

specific crystal form (9). Thus an extremely 

reliable method to characterise the different 

crystal forms of roxithromycin. Figure 2 

illustrates the XRPD patterns of roxithromycin 

Form A and D. The main peak angles ("20) and 

relative intensities (1110) are listed in Table 1. 

It was clear from the XRPD traces that these two 

forms differ immensely. The pattern of Form A 

shows a much higher crystallinity while the 

diffuse halo shaped pattern of Form D is a clear 

indication of the amorphous structure of the 

chloroform crystals. The very low counts (200) 

on the y-axis of Form D are also recognisable for 

amorphous forms. Figure 3 illustrates the XRPD 

difbactogram of Form D, which desolvated over 

a period of time compared to that of Form A. 

The resemblance is conspicuous, thus indicating 

a transformation of the chloroform amorphous 

solvated Form D, on desolvation, .to the stable 

high melting point Form A. 

Figure 2 Superimposed XRPD diffractograms 
of roxithromycin Form A and D. 



Table I Main XRPD intensity ratios (1/10)and
peak angles ("29) ofFonn A and D

~-o

Figure 3 XRPD diffiactograms of Fonn A and
the desolvated Fonn D

Infrared spectroscopy

The IR spectra ofFonn A and D are illustrated

by means of an overlay in figure 4. The

differences between these two forms were clearly

recognisable and accentuated by means of table 2

in which the main peak absorptions with their

corresponding wavenumbers cm -I are listed.

,.... 3QOO .... """

Figure 4 Overlay of the IR spectra of
roxithromycin Fonn A (blue) and
D(red).
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Form A Form D
("29\ (11I0) ("29) (11I0)- - 5.7 39.6

- - 6.8 53.6
- - 7.6 100.0

8.2 26.1 - -
9.7 100.0 9.9 41.6
10.3 21.9 - -
10.9 30.5 11.1 69.6
12.0 22.0 - -
13.2 18.3 - -
14.2 33.0 - -
14.4 40.9 - -
15.4 11.0 - -
15.9 43.9 - -
16.3 17.6 - -
16.7 53.5 - -
17.2 63.3 - -
17.6 41.6 - -
18.2 16.8 - -
18.7 29.2 - -
19.0 17.5 - -
19.3 29.3 - -
19.6 10.8 - -
- - 20.0 92.5

20.4 24.5 - -
20.8 46.7 - -
21.0 45.3 - -
21.5 30.3 - -
21.7 69.6 - -
21.9 67.2 - -
22.9 28.0 - -
23.3 30.3 - -
23.5 20.5 - -
24.2 27.5 - -
25.2 73.2 - -
26.1 20.8 - -
26.8 14.9 - -
27.2 35.1 - -
27.7 41.5 - -
28.0 38.1 - -
28.7 22.5 28.6 69.3
29.3 22.4 - -
29.7 29.1 - -
- - 30.8 64.8

31.0 26.9 - -
31.1 23.2 - -
31.5 35.8 - -
31.8 18.9 - -
33.0 33.4 - -
33.6 15.5 - -
34.3 16.8 - -
35.6 16.3 - -



Although there are peaks that are similar, the 

differences (highlighted areas in table 2) are 

clear. The main area of differentiation is 

between 2000 and 4000 em-'. The IR spectnun 

of Form A displays four peaks (3676.1,3648.61, 

3629.01 and 3567.4 em-'), while that of Form D 

absorbed only one peak at 3566.42 cm-I. 

Thermal analysis 

The DSC and TGA results are shown in figure 5. 

The stable high melting Form A is clearly 

indicated by the single endothermic peak on the 

thermogram. 

Figure 5 DSC thennograms and TGA results 
of roxithromycin Form A and D. 

The pseudopolymorphic character of Form D is 

illustrated by means of two endothermic peaks, 

where the first peak indicates the solvation 

process and the second the melting point. The 

TGA of Form D illustrates a weight loss of 

9.567%. For a crystal form, reaystallised form 

chloroform to be classified as a solvate, the 

weight loss should be 12.5%. Thus the TGA is 

another clear indication of pseudopolymorphism 

within Form D. Based on the melting behaviour 

it is clear that these two forms represent different 

crystal forms of roxithromycin 

Table 2 Main absorption peaks and 
corresponding wavenumbers of Form A 
and D 

- 
Form A - 
3676.10 
3648.61 
3629.01 
3567.40 
3461.95 
3274.68 
2980.12 
2880.60 
2828.56 
2370.56 
L%7.09 
1868.48 
1844.3 1 
1829.65 
1792.16 
1772.1 1 

1683.97 
1670.01 
1636.02 
1576.31 
1558.47 
1507.64 
1457.77 
1418.41 
1395.72 
1387.3 1 

1368.88 
1344.56 
1289.12 

1241.14 
1170.96 
112820 
11 12.57 
1077.99 
1050.37 
1011.84 
98329 
958.22 
914.05 
891.66 

847.91 
831.61 
803.M) 
790.69 

7233 
706.33 
697.95 

634.99 
- 

- 
Form B 



The possibility of pseudopolymorphism within

Form D was further confirmed by means of

thermomicroscopy. Table 3 illustrates the

results.

Table 3 TM results ofroxithromycin Form D

Fonn D melting
(I II "C)

Melting process
completed (1l8"C)

The desolvation process is clearly illustrated by

the formation of bubbles appearing nom the

chloroform crystal. As indicated through the

first endothermic peak (87.s°C) on the DSC

thermogram of Form D, the desolvation process

started at a temperature of approximately 83°C,

according to the TM results. The melting

process, based on the TM results starter at 107°C

and was completed at 118°C. Thus, confirming

the melting point illustrated by the second

endothermic peak on the DSC thermogram of

Form D.

Solubility determination

The solubility results of Form A and D are

illustrated by means of bar charts in figure 6. A

comparison between the two forms, in three

different solvents clearly indicates the difference

in solubility between the two forms.

120

100
"
~ 80
~ 60
I)

is 40

~ 20

o

. Buffer pHS

.0.1 NHCL

. Water

FormA FormD

Figure 6 Solubility results comparing the
solubility of Forms A and D in three
different solvents.

The same pattern was followed for both forms,

i.e., buffer (pH 6) > 0.1 N HCI > water. The

poor solubility of roxithromycin in water could

be related to the poor wettability as mentioned by

Gharbi-Benarous et al. (10).

Powder Dissolution

Due to poor wettability, as mentioned earlier,

difficulties were experienced during the powder

dissolution studies. The difficulties could be

explained based on two facts. According to

Gharbi-Benarous et al. (10) roxithromycin has

no nee hydroxyl groups, which results in great

hydrophobicity and hence, poor wettability of

this complex antibiotic. Another explanation by

Henwood et al. (11) where he refers to the

electrostatic properties of the extremely fine

7



particles in the amorphous powders, which 

resulted in lump formation during dissolution 

should be considered. Thus, in spite of the 

higher solubility of an amorphous form, the 

dissolution rate could be reduced. The lump 

formation during preparation for dissolution 

studies could explain the poor dissolution of 

Form A as illustrated in figure 7 by means of an 

overlay of the dissolution e w e s  of Form A and 

D. Form D showed favourable dissolution 

results in spite of the amorphous character of this 

form. However, lump formation did occur. 

Thus, the dissolution results for these two forms 

should not be taken as an accurate indication of 

the dissolution properties of these particular 

forms. 

0 7.5 15 22.5 30 

Withdrawal time in minutes 

Figure 7 Dissolution c w e s  of roxithromycin 
Form A and D. 

CONCLUSION 

The reason of interest in this new macrolide is 

the higher stability in an acid environment 

similar to the stomach and better oral 

bioavailability as well as more favourable 

pharmacokinetic behaviow compared to the 

parent drug, erythromycin. In the search for 

polymorphism within roxithromycin, two 

polymorphs were identified and classified. Form 

A is a stable high melting point clystal form and 

Form D, an amorphous solvated crystal form. 

Form D yielded a much lower melting behaviow 

(87.5 and 113.2T) in comparison to the high 

melting point (128.54"C) of Form A. 

The solubility of Form A and D followed the 

same pattern, i.e., phosphate buffer @H 6) > 0.1 

N HC1 > water The poor dissolution results 

kom Form A as well as the difficulties 

experienced during the entire dissolution study is 

an important issue to consider during 

preformulation and manufacturing. 

REFERENCES 

1. K. Jarukamjom T. Thalhammer, B. 

Gollacdner, E. Pittenauer, & W. Jager, 

Journal of pharmaceutics and pharmacology, 

50,515-519 (1998). 

2. A. Markham, and D. Faulds, Drugs, 48(2), 

297-326 (1994). 

3. A. Pappa-Louisi, A. Papageorgiou, S.S. 

Zitrou, E. Georgarakis, & F. Zougrou, 

Journal of chromatography B: biomedical 

sciences and applications, 755, 57-65 

(2001). 

4. Approved Product Information, [Web:] 

htt~:!!www.pharma.aven1is.com.au. comorat 

e!~roducts/~iiRulide%~0and%20RuIide~020 

w f .  [Date of access: I Jul. 20041, 

(19%). 

5. Brittish Pharmacopoeia 2002. London : 

HMSO. 270%. 



7. A.P. Lbtter, D.R Flanagm N.R. Palepu, 

and J.K. Guilloly, P h m .  Tech., 7, 56-66 

(1983). 

8. U.S. Pharmacopoeial Convention, The 

United States Pharmacopoeia 27 / National 

Formulary 22. Author, Rockville, MD, 

2004, p. 2303. 

10. J. Gharbi-Benarous, M. Delaforge, C.K. 

Jankowski, & J.P. Girault, Journal of 

medicine and chemistry, 34, 11 17-1 125 

(1991) 

1 I. S.Q. Henwood, M.M. De Villien,. W. 

Liebenberg, & A.P. L6tter. Drug 

development and industrial pharmacy, 26(4), 

403-408 (2000). 

9. J. Bemstein, Polymorphism in molecular 

crystals. Oxford: Clarendon Press. p 112. 

(2'332) 




