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ABSTRACT 

Acne vulgaris is a common chronic inflammatory disease, which affects the pilosebaceous units 

in the dermal layer of the skin (Krautheim & Gollnick, 2004:398; Williams et al., 2012:361).  

Several factors are involved during the formation of acne, with the most important being the 

accumulation of the Propionibacterium acnes organisms in the sebaceous and sweat glands, 

thus causing inflammation to the skin (Ramanathan & Hebert, 2011:332).  A number of oral 

antibacterial agents, i.e. erythromycin and clindamycin, have been successfully used in the 

treatment of acne vulgaris (Jeong et al., 2017:243), however, antibiotics used today are 

reported to be up to 60% resistant, leading to poor patient compliance due to an increase in 

side-effects as the result of continuous use of these antibacterial entities (Jeong et al., 

2017:243; Scheinfield et al., 2003:43).  Hence, roxithromycin is one of the newer antibiotics, 

which might be used to treat acne, especially in a topical dosage form (Csongradi et al., 

2017:100; Ostrowski et al., 2010:83). 

The main purpose of this research study was to conclude whether the excipients used during 

the formulation of liposomes had an effect on the solid-state nature of the three forms of 

roxithromycin.  Secondly, it was to determine which liposome dispersion had the highest 

concentration of roxithromycin delivered topically to the site of action.  The target area for the 

active pharmaceutical ingredient (API) was the epidermis-dermis (ED), as this area is favoured 

by the bacterium P. acnes (Gollnick, 2003:1585). 

During the investigation, the API (roxithromycin) was used to prepare the two amorphous forms 

by means of the well-known quench cooling of the melt method and re-crystallisation of the 

crystalline raw material from chloroform, in an attempt to overcome the low solubility of 

roxithromycin monohydrate ((RM); aqueous solubility of 0.0335 mg/ml in water at 25 °C)) 

(Aucamp et al., 2013:26).  The preparation method proved successful in rendering the quench 

cooled (QC) and the chloroform desolvated (CD) amorphous forms (Aucamp et al., 2012:468; 

Aucamp et al., 2013:18; Craig et al., 1999:181).  The crystalline form and the two amorphous 

forms of roxithromycin were characterised using different analytical techniques to determine the 

crystallinity or amorphicity of the API in each sample.  These techniques include the following: 

differential scanning calorimetry (DSC), Fourier-transform infrared spectroscopy (FT-IR) as well 

as x-ray powder diffraction (XRPD) techniques, while the purity of each sample was confirmed 

through high performance liquid chromatography (HPLC). 

To explore the effect of the different liposome excipients, lipid films (precursors for liposomes) 

were prepared to determine the physical stability of the three solid-state forms when formulated 
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within lipid films.  The concentration of the three solid-state forms of roxithromycin remained 

constant (2% w/w) and was formulated within varying concentrations of cholesterol and egg 

phosphatidylcholine (n = 3), which resulted in the formulation of nine lipid films (three lipid films 

per solid-state form).  After the crystallinity or amorphicity of the API in the lipid films were 

determined, it was discovered that the crystalline RM converted to an amorphous form in the 

lipid films.  It also led to the discovery that the two amorphous forms (QC and CD) remained 

amorphous, also being stabilised in the lipid film.  Thus, the aim was reached in proving that the 

excipients had a stabilising effect on the different solid-state forms of roxithromycin. 

The study progressed to the formulation of nine different liposomes, each formulated with the 

three solid materials of roxithromycin in different excipient concentrations.  These liposomes 

were characterised by means of their morphology (microscopic evaluations), droplet size and 

distribution, pH measurements, surface charge (zeta-potential) and the entrapment efficiency 

(%EE) to determine the APIs physicochemical properties and to establish whether it adheres to 

the requirements for successful topical drug delivery.  All nine dispersions revealed small, 

spherically shaped and stable vesicles, with an ideal surface charge and a high entrapment of 

the API within the vesicles.  Thus, the study progressed towards release studies. 

Membrane release experiments were performed on the different dispersions to evaluate if the 

vesicle systems were successful in the release of the API through the synthetic membrane, 

before skin diffusion studies were conducted.  Skin diffusion studies followed, to determine if 

any transdermal delivery of the API was possible.  Another technique used during skin diffusion 

studies was the tape stripping method and this was to prove if the API would have topical 

delivery to the stratum corneum-epidermis (SCE) and/or the target-site, namely the ED. 

The experimental flux values of roxithromycin, obtained after the membrane release studies, 

showed that the three different solid-state forms of roxithromycin were released from all nine 

formulations, with formula RM2 presenting with the highest average flux of 

28.322 ± 5.340 µg/cm2.h.  Skin diffusion studies revealed that some transdermal delivery of the 

API was reached, with RM2 having the highest average %diffused and average amount per 

area diffused (149.184 ± 169.397 µg/cm2).  Tape stripping results also show that RM2 had the 

highest average concentration in both the SCE (371.260 ± 95.486 µg/ml) and ED 

(179.265 ± 88.364 µg/ml).  This concludes that topical delivery of the API is possible for the 

treatment of acne. 

The aims set out for this study were reached because the preparation method and the 

excipients used during the formulation of the liposomes rendered the crystalline form (RM) of 

the API into an amorphous form, whilst preventing the amorphous forms (QC and CD) from re-

crystallising to the more stable crystalline form.  Characterisation results proved the nine 
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dispersions adhered to the requirements to be formulated within a topical drug preparation.  In 

addition, quantifiable concentrations of the API were delivered to the target area, i.e. ED, which 

led to successful topical drug delivery.  From the data gathered for the three solid-state forms of 

roxithromycin, it became evident that liposomes consisting of the RM form displayed the best 

results.  It became evident that the delivery of the API was not dependent on the solid-state 

form within the formulations, but rather the ratios of the excipients used in the formulation of 

liposomes.  During this study, it was found that irrespective of the solid-state; diffusion of 

roxithromycin when incorporated into liposomes is possible into and through the skin. 

Keywords: Roxithromycin, amorphous forms, liposomes, lipid films, topical drug delivery 



vi 
 

References 

Aucamp, M., Liebenberg, W., Strydom, S.J., Van Tonder, E.C. & De Villiers, M.M.  2012.  

Physicochemical properties of amorphous roxithromycin prepared by quench cooling of the melt 

or desolvation of a chloroform solvate.  American Association of Pharmaceutical Scientist, 

PharmSciTech, 13(2):467-476. 

Aucamp, M., Stieger, N., Barnard, N. & Liebenberg, W.  2013.  Solution-mediated phase 

transformation of different roxithromycin solid-state forms: implications on dissolution and 

solubility.  International Journal of Pharmaceutics, 449(1-2):18-27. 

Craig, D.Q., Royall, P.G., Kett, V.L. & Hopton, M.L.  1999.  The relevance of the amorphous 

state to pharmaceutical dosage forms: glassy drugs and freeze dried systems.  International 

Journal of Pharmaceutics, 179(2):179-207. 

Csongradi, C., Du Plessis, J., Aucamp, M.E. & Gerber, M.  2017.  Topical delivery of 

roxithromycin solid-state forms entrapped in vesicles.  European Journal of Pharmaceutics and 

Biopharmaceutics, 144:96-107. 

Gollnick, H.  2003.  Current concepts of the pathogenesis of acne.  Drugs, 63(15):1579-1596. 

Jeong, S., Lee, J., Im, B.N., Park, H. & Na, K.  2017.  Combined photodynamic and antibiotic 

therapy for skin disorder via lipase-sensitive liposomes with enhanced antimicrobial 

performance.  Biomaterials, 141:243-250. 

Krautheim, A. & Gollnick, H.P.  2004.  Acne: topical treatment.  Clinics in Dermatology, 

22(5):398-407. 

Ostrowski, M., Wilkowska, E. & Baczek, T.  2010.  Impact of pharmaceutical dosage forms on 

stability and dissolution of roxithromycin.  Central European journal of medicine 5:83-90. 

Ramanathan, S. & Hebert, A.A.  2011.  Management of acne vulgaris.  Journal of Paediatric 

Health Care, 25(5):332-337. 

Scheinfeld, N.S., Tutrone, W.D., Torres, O. & Weinberg, J.M.  2003.  Macrolides in dermatology.  

Clinics in Dermatology, 21(1):40-49. 

Williams, H.C., Dellavalle, R.P. & Garner, S.  2012.  Acne vulgaris.  The Lancet, 379(9813):361-

372. 



vii 
 

UITTREKSEL 

Acne vulgaris is ’n algemene chroniese inflammatoriese siekte, wat die haar-oliekliereenhede in 

die dermale laag van die vel beïnvloed (Krautheim & Gollnick, 2004:398; Williams et al., 

2012:361).  Verskeie faktore is by vorming van aknee betrokke, waarvan die belangrikste die 

opbou van Propionibacterium acnes-organismes in die olie- en sweetkliere is, wat so 

inflammasie in die vel veroorsaak (Ramanathan & Hebert, 2011:332).  ’n Aantal mondelinge 

antibakteriese middels, waaronder eritromisien en klindamisien, is suksesvol vir die behandeling 

van acne vulgaris (Jeong et al., 2017:243).  Dit is egter gemeld dat daar vanweë aanhoudende 

gebruik van hierdie antibakteriese entiteite weerstandigheid is teen tot 60% van die antibiotika 

wat vandag gebruik word, wat as gevolg van toename in newe-effekte tot swak meewerking van 

pasiënte lei (Jeong et al., 2017:243; Scheinfield et al., 2003:43).  Roksitromisien is ‘n nuwer 

antibiotika wat moontlik gebruik kan word om aknee te behandel, veral in 'n topikale doseervorm 

(Csongradi et al., 2017:100; Ostrowski et al., 2010:83). 

Die eerste doel van hierdie studie was om te bepaal of die hulpstowwe wat tydens die 

formulering van liposome gebruik word, ’n uitwerking op die aard van die vaste toestand van die 

drie vorme van roksitromisien het.  Tweedens, was dit om te bepaal watter liposoomdispersie 

die hoogste konsentrasie van roksitromisien topikaal by die plek van werking aflewer.  Die 

teikenarea vir die aktiewe farmaseutiese bestanddeel (AFB) was die epidermis-dermis (ED), 

aangesien dit die voorkeurgebied van die bakterie P. acnes is (Gollnick, 2003:1585). 

Tydens die ondersoek is die AFB (roksitromisien) gebruik om die twee amorfevorme te berei 

deur middel van die bekende metode van blusverkoeling van die gesmelte stof en 

herkristallisasie van die kristallyne roumateriaal uit chloroform, in ’n poging om die lae 

oplosbaarheid van roksitromisienmonohidraat ((RM); wateroplosbaarheid van 0.0335 mg/ml in 

water by 25 °C) te oorkom (Aucamp et al., 2013:26).  Die bereidingsmetode was suksesvol vir 

die lewering van die blusverkoelde (BV) en die chloroform gedesolveerde (CD) amorfevorme 

(Aucamp et al., 2012:468; Aucamp et al., 2013:18; Craig et al., 1999:181).  Die kristallyne vorm 

en die twee amorfevorme van roksitromisien is met X-straalpoeierdiffraksie (XSPD), 

differensiële skanderingskalorimetrie (DSK) en Fourier-transformasie-infrarooispektroskopie 

(FT-IR) gekarakteriseer om die graad van kristalliniteit van elke monster te bepaal, terwyl die 

suiwerheid van elke monster deur middel van hoëdrukvloeistofchromatografie (HDVC) bevestig 

is. 

Om die effek van die verskillende hulpstowwe vir liposome te ondersoek, is lipiedfilms 

(voorlopers vir liposome) berei om die fisiese stabiliteit van die drie vastetoestandvorme te 
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bepaal wanneer dit binne lipiedfilms geformuleer word.  Die konsentrasie van die drie 

vastetoestandvorme van roksitromisien is konstant gehou (2% m/m) en is in wisselende 

konsentrasies van cholesterol en eierfosfatidielcholien (n = 3) geformuleer, wat tot die 

formulering van nege lipiedfilms gelei het (drie lipiedfilms per vastetoestandvorm).  Nadat die 

kristalliniteit of amorfisiteit van die AFB in die lipiedfilms vasgestel is, is daar gevind dat die 

kristallyne RM omgeskakel het na 'n amorfevorm in die lipiedfilms.  Dit het ook gelei tot die 

ontdekking dat die twee amorfevorme (BV en CD) amorf gebly het, en ook in die resulterende 

amorfe-vaste-dispersies gestabiliseer word.  Die doel om te bewys dat die hulpstowwe ’n 

stabiliserende effek op die verskillende vastetoestandvorme van roksitromisien het, is dus 

bereik. 

Die studie het voortgegaan met die formulering van nege verskillende liposome wat uit die 

verskillende vastetoestandvorme in verskillende konsentrasies van hulpstowwe bestaan het.  

Hierdie liposome is met hulle morfologie (mikroskopiese evaluerings), druppelgrootte en 

-verspreiding, zetapotensiaal, pH en effektiwiteit om geneesmiddels te enkapsuleer (%EE) 

gekarakteriseer om die AFB se fisies-chemiese eienskappe te bepaal en om vas te stel of dit 

aan die vereistes vir suksesvolle topikale geneesmiddelaflewering voldoen.  Al nege dispersies 

het klein, bolvormige en stabiele vesikels vertoon, met ’n ideale oppervlaklading en ’n hoë 

enkapsulering van die AFB binne-in die vesikels.  Die studie het dus na vrystellingstudies 

gevorder. 

Die vrystelling van die AFB uit die verskillende dispersies is met membraanvrystellingstudies 

beoordeel.  Na die membraanvrystellingseksperimente is veldiffusie en kleefbandstroping 

gedoen om te bepaal of enige transdermale of topikale aflewering van die AFB onderskeidelik 

behaal is.  Topikale aflewering dui aan of die stratum korneum-epidermis (SKE) en/of die ED 

(teikenarea) bereik is. 

Die eksperimentele vloedwaardes van roksitromisien verkry deur membraan-vrystellingstudies 

het bewys dat die drie verskillende vastetoestandvorme van roksitromisien uit al nege 

formulerings vrygestel word, waar formule RM2 die hoogste gemiddelde vloed van 

28.322 ± 5.340 mg/cm2.h het.  Veldiffusiestudies het getoon dat ’n mate van transdermale 

aflewering van die AFB verkry word, waar RM2 die hoogste gemiddelde %diffusie en 

gemiddelde hoeveelheid per area gediffundeer (149.184 ± 169.397 mg/cm2) het.  Resultate van 

kleefbandstroping toon ook dat RM2 die hoogste gemiddelde konsentrasie in beide die SKE 

(371.260 ± 95.486 μg/ml) en ED (179.265 ± 88.364 μg/ml) het.  Dit het tot die gevolgtrekking 

gelei dat topikale aflewering van die AFB vir die behandeling van aknee moontlik is. 

Die doelwitte wat vir hierdie studie uiteengesit is, is bereik omdat die bereidingsmetode en die 

hulpstowwe wat tydens die formulering van die liposome gebruik is, die kristallyne vorm van die 
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AFB in ’n amorfevorm gelewer het, terwyl die amorfevorme verhinder is om tot die meer stabiele 

kristallyne vorm te herkristalliseer.  Karakteriseringsuitslae het bewys dat die nege dispersies 

voldoen aan die vereistes om in ’n topikale geneesmiddelpreparaat geformuleer te word.  

Daarbenewens is kwantifiseerbare konsentrasies van die AFB aan die teikengebied, dit is die 

ED, afgelewer, wat tot suksesvolle topikale geneesmiddelaflewering gelei het.  Uit die data wat 

vir die drie vastetoestandvorme van roksitromisien ingesamel is, het dit duidelik geword dat 

liposome wat uit die RM-vorm bestaan, die beste resultate vertoon.  Dit het duidelik geword dat 

die aflewering van die AFB nie van die vastetoestandvorm binne die formulerings afhanklik is 

nie, maar eerder van die verhoudings van die hulpstowwe wat in die formulering van liposome 

gebruik word.  Tydens hierdie studie is bevind dat diffusie van roksitromisien in en deur die vel 

moontlik is wanneer dit in liposome opgeneem is, ongeag van die vastetoestandvorm. 

Sleutelwoorde: roksitromisien, amorfevorme, liposome, lipiedfilms, topikale geneesmiddel-

aflewering 



x 
 

Verwysings 

Aucamp, M., Liebenberg, W., Strydom, S.J., Van Tonder, E.C. & De Villiers, M.M.  2012.  

Physicochemical properties of amorphous roxithromycin prepared by quench cooling of the melt 

or desolvation of a chloroform solvate.  American Association of Pharmaceutical Scientist, 

PharmSciTech, 13(2):467-476. 

Aucamp, M., Stieger, N., Barnard, N. & Liebenberg, W.  2013.  Solution-mediated phase 

transformation of different roxithromycin solid-state forms: implications on dissolution and 

solubility.  International Journal of Pharmaceutics, 449(1-2):18-27. 

Craig, D.Q., Royall, P.G., Kett, V.L. & Hopton, M.L.  1999.  The relevance of the amorphous 

state to pharmaceutical dosage forms: glassy drugs and freeze dried systems.  International 

Journal of Pharmaceutics, 179(2):179-207. 

Csongradi, C., Du Plessis, J., Aucamp, M.E. & Gerber, M.  2017.  Topical delivery of 

roxithromycin solid-state forms entrapped in vesicles.  European Journal of Pharmaceutics and 

Biopharmaceutics, 144:96-107. 

Gollnick, H.  2003.  Current concepts of the pathogenesis of acne.  Drugs, 63(15):1579-1596. 

Jeong, S., Lee, J., Im, B.N., Park, H. & Na, K.  2017.  Combined photodynamic and antibiotic 

therapy for skin disorder via lipase-sensitive liposomes with enhanced antimicrobial 

performance.  Biomaterials, 141:243-250. 

Krautheim, A. & Gollnick, H.P.  2004.  Acne: topical treatment.  Clinics in Dermatology, 

22(5):398-407. 

Ostrowski, M., Wilkowska, E. & Baczek, T.  2010.  Impact of pharmaceutical dosage forms on 

stability and dissolution of roxithromycin.  Central European journal of medicine 5:83-90. 

Ramanathan, S. & Hebert, A.A.  2011.  Management of acne vulgaris.  Journal of Paediatric 

Health Care, 25(5):332-337. 

Scheinfeld, N.S., Tutrone, W.D., Torres, O. & Weinberg, J.M.  2003.  Macrolides in dermatology.  

Clinics in Dermatology, 21(1):40-49. 

Williams, H.C., Dellavalle, R.P. & Garner, S.  2012.  Acne vulgaris.  The Lancet, 379(9813):361-

372. 



xi 
 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS i 

ABSTRACT iii 

References vi 

UITTREKSEL vii 

Verwysings x 

TABLE OF CONTENTS xi 

LIST OF FIGURES xix 

LIST OF TABLES xxv 

LIST OF EQUATIONS xxviii 

ABBREVIATIONS xxix 

 

CHAPTER 1: INTRODUCTION, PROBLEM STATEMENT AND AIMS 

1.1 Introduction 1 

1.2 Problem statement 3 

1.3 Aims and objectives 3 

References 5 

 

CHAPTER 2: TOPICAL DELIVERY OF LIPOSOMES ENCAPSULATING ROXITHROMYCIN FOR ACNE 

TREATMENT 

2.1 Introduction 8 

2.2 Roxithromycin 10 

2.2.1 Mechanisms of action 10 

2.2.2 Physicochemical information 11 

2.2.3 Clinical uses for roxithromycin 11 

2.2.4 Adverse effects and contra-indications of roxithromycin 12 

2.3 Solid-state properties of the API and excipients 12 

2.3.1 Classification, structure and stability of the solid-state forms 13 

2.3.2 Preparation of the amorphous solid-state forms 14 

2.3.3 Specific properties of the amorphous solids 15 



xii 
 

2.4 Topical and transdermal drug delivery 15 

2.4.1 Advantages of the topical drug delivery route 16 

2.4.2 Disadvantages of the topical drug delivery route 16 

2.5 The human integumentary system: the skin 16 

2.5.1 Structure of the skin 16 

2.5.2 Function of the skin 17 

2.5.3 Anatomy of the skin 17 

2.5.3.1 Epidermis 18 

2.5.3.1.1 Non-viable epidermis as natural barrier 18 

2.5.3.1.2 Viable epidermis 19 

2.5.3.2 Dermis 20 

2.5.3.3 Hypodermis 21 

2.6 Topical delivery of drugs through the skin 21 

2.6.1 Mechanism of skin penetration and permeation 21 

2.6.1.1 Transepidermal route 22 

2.6.1.1.1 Intercellular route 22 

2.6.1.1.2 Intracellular route 22 

2.6.1.1.3 Transappendageal route 23 

2.7 Mathematical model of skin permeation 23 

2.7.1 Fick`s first law of diffusion 24 

2.8 Physicochemical properties influencing topical drug delivery 24 

2.8.1 Solubility 24 

2.8.2 Partition coefficient 25 

2.8.3 Diffusion coefficient 26 

2.8.4 pH, pKa and ionisation 26 

2.8.5 Molecular mass 27 

2.8.6 Drug concentration 27 

2.8.7 Melting point 28 

2.9 Carrier systems 28 

2.10 Liposomes 29 

2.10.1 Structure of the liposome vesicle 29 

2.10.2 Classification of liposomes 30 

2.10.3 Preparation methods of liposomes 31 

2.10.3.1 Thin-film hydration method/ hand shaking method 32 

2.10.3.2 Sonification 32 

2.10.4 Advantages of liposomes 32 

2.10.5 Disadvantages of liposomes 32 

2.10.6 Skin-liposome interactions 33 

2.11 Conclusion 34 

References 35 

 



xiii 
 

 

CHAPTER 3: ARTICLE FOR THE PUBLICATION IN DRUG DELIVERY 

Abstract 47 

1 Introduction 48 

2 Materials and methods 50 

2.1 Materials 50 

2.2 Methods 50 

2.2.1 High performance liquid chromatography analysis 50 

2.2.2 Preparation of the amorphous forms of roxithromycin 51 

2.2.3 Preparation of liposomes 51 

2.3 Physical characterisation 52 

2.3.1 X-ray powder diffraction 52 

2.3.2 Differential scanning calorimetry 52 

2.3.3 Fourier-transform infrared spectroscopy 52 

2.4 Characterisation of liposomes 53 

2.4.1 Transmission electron microscopy 53 

2.4.2 Zeta-potential, droplet size and polydispersity index 53 

2.4.3 pH 53 

2.4.4 Entrapment efficiency 53 

2.5 Diffusion studies 54 

2.5.1 Membrane release studies 54 

2.5.2 Skin preparation 55 

2.5.3 Skin diffusion studies 55 

2.5.4 Tape stripping 55 

3 Results and discussions 56 

3.1 Preparation of the amorphous forms 56 

3.2 Physical characterisation 56 

3.2.1 Solid-state forms 56 

3.2.2 Lipid films 57 

3.3 Characterisation results 57 

3.4 Diffusion study results 58 

3.4.1 Membrane release 58 

3.4.2 Skin diffusion 59 

3.4.3 Tape stripping 59 

3.4.3.1 Stratum corneum-epidermis 59 

3.4.3.2 Epidermis-dermis 60 

4 Conclusion 60 

Acknowledgements 61 

Disclosure 61 

Declaration 61 



xiv 
 

References 62 

   

 

CHAPTER 4: CONCLUSION AND FUTURE RECOMMENDATIONS 

References 58 

 

ANNEXURE A: METHOD VALIDATION FOR THE QUANTIFICATION OF ROXITHROMYCIN 

A.1 Introduction 89 

A.2 Chromatographic conditions 89 

A.3 Standard solution preparation 90 

A.4 Validation parameters 90 

A.4.1 Linearity 90 

A.4.2 Accuracy 92 

A.4.2.1 Standard solution preparation 93 

A.4.2.2 Sample solution preparation 93 

A.4.3 Limit of detection and lower limit of quantification 94 

A.4.3.1 Sample solution preparation 94 

A.4.4 Precision 95 

A.4.4.1 Intra-day precision 95 

A.4.4.1.2 Standard solution preparation 96 

A.4.4.1.3 Sample solution preparation 96 

A.4.4.2 Inter-day variation 97 

A.4.4.2.1 Standard solution preparation 97 

A.4.4.2.2 Sample solution preparation 98 

A.4.5 Ruggedness 98 

A.4.5.1 System repeatability 98 

A.4.5.1.1 Sample preparation 98 

A.4.5.2 Stability 99 

A.4.5.2.1 Sample solution preparation 99 

A.4.6 Specificity 100 

A.4.6.1 Standard solution preparation 101 

A.4.6.2 Sample solution preparation 101 

A.5 Conclusion 104 

References 105 

 

ANNEXURE B: PHYSICAL CHARACTERISATION OF THE DIFFERENT SOLID-STATES OF 

ROXITHROMYCIN 

B.1 Introduction 107 



xv 
 

   

B.2 Preparation of the amorphous solid-state forms of roxithromycin 108 

B.2.1 Preparation of the quench cooled amorphous solid-state form 109 

B.2.2 Preparation of the chloroform desolvated amorphous solid-state form 109 

B.3 Characterisation of the physical properties of the solid-state forms 110 

B.3.1 Characterisation methods 111 

B.3.1.1 XRPD 111 

B.3.1.2 DSC 111 

B.3.1.3 FT-IR 112 

B.3.2 Results and discussion 113 

B.4 Preparation of the lipid films encapsulating the different solid-state forms 118 

B.4.1 Ingredients used during the preparation of lipid films 118 

B.4.1.1 Roxithromycin 118 

B.4.1.2 Phosphatidylcholine 119 

B.4.1.3 Cholesterol 119 

B.4.1.4 Alfa-tocopherol 119 

B.4.1.5 Chloroform 120 

B.4.2 Method used to prepare lipid films 120 

B.5 
Investigation of the stability of the different solid-state forms of 
roxithromycin 

121 

B.5.1 Roxithromycin monohydrate: lipid films (RM 1- 3) 122 

B.5.2 Quench cooled amorphous roxithromycin: lipid films (QC 1- 3) 127 

B.5.3 Chloroform desolvated amorphous roxithromycin : lipid films (CD 1- 3) 131 

B.6 Conclusion 136 

B.6.1 Summary of the lipid films RM 1- 3 136 

B.6.2 Summary of the lipid films QC 1- 3 137 

B.6.3 Summary of the lipid films CD 1- 3 138 

References 139 

 

ANNEXURE C: FORMULATION AND CHARACTERISATION OF LIPOSOMES FOR TOPICAL DELIVERY 

C.1 Introduction 144 

C.2 Formulation of liposome vesicle systems 145 

C.2.1 Ingredients used in the formulation of liposomes 145 

C.2.2 Preparative method used during the formulation of liposomes 146 

C.3 Preparation of liposomes formulated without the API 148 

C.3.1 Characterisation results of liposomes formulated without the API 148 

C.3.1.1 Light microscopy 148 

C.3.1.2 Transmission electron microscopy 150 

C.3.1.3 Droplet size and distribution 151 

C.4 Preparation of the liposomes encapsulating the API 154 



xvi 
 

C.4.1 Characterisation results of liposomes encapsulating the API 155 

C.4.1.1 Light microscopy 155 

C.4.1.2 Droplet size and distribution 156 

C.4.1.3 Zeta-potential 160 

C.4.1.4 pH determination 164 

C.4.1.5 Entrapment efficiency (%EE) 166 

C.5 Conclusions 168 

References 169 

 

ANNEXURE D: DIFFUSION STUDIES OF ROXITHROMYCIN ENCAPSULATED IN LIPOSOMES FOR 

TOPICAL DELIVERY 

D.1 Introduction 176 

D.2 Methods 178 

D.2.1 HPLC analysis of the concentration of roxithromycin 178 

D.2.2 Preparation of the receptor phase 179 

D.2.3 Preparation of the donor phase 179 

D.2.4 Membrane release studies 179 

D.2.5 Skin diffusion studies 181 

D.2.5.1 Skin ethics and collection 181 

D.2.5.2 Skin preparation 181 

D.2.5.3 In vitro skin diffusion studies 182 

D.2.5.4 Tape stripping 182 

D.3 Results and discussion 183 

D.3.1 Aqueous solubility 183 

D.3.2 n-Octanol-water partition coefficient 183 

D.3.3 Membrane release studies results 184 

D.3.4 In vitro skin diffusion studies 195 

D.3.4.1 Tape stripping 201 

D.3.4.1.1 Stratum corneum-epidermis 202 

D.3.4.1.2 Epidermis-dermis 208 

D.4 Conclusion 214 

References 217 

 

ANNEXURE E: JOURNAL OF DRUG DELIVERY: AUTHORS GUIDE 

Aims and scope 223 

Instructions for authors 223 

About the Journal 223 

Article Publishing Charge 223 

Peer Review 224 



xvii 
 

Preparing Your Paper 224 

Structure 224 

Word Limits 224 

Style Guidelines 224 

Formatting and Templates 225 

References 225 

Taylor & Francis Editing Services 225 

Checklist: What to Include 225 

Using Third-Party Material in your Paper 227 

Disclosure Statement 227 

Clinical Trials Registry 227 

Complying With Ethics of Experimentation 228 

Consent 228 

Health and Safety 228 

Submitting Your Paper 228 

Data Sharing Policy 229 

Copyright Options 230 

Complying with Funding Agencies 230 

My Authored Works 230 

Article Reprints 230 

Queries 230 

 

ANNEXURE F: LANGUAGE EDITING 

Language editing certificate 231 

 



xviii 
 

LIST OF FIGURES 

CHAPTER 2: TOPICAL DELIVERY OF LIPOSOMES ENCAPSULATING ROXITHROMYCIN FOR ACNE 

TREATMENT 

Figure 2.1: Structure of roxithromycin 10 

Figure 2.2: Classification of the different solid-state forms 13 

Figure 2.3: 
Schematic representation of solid-state forms with (a) crystalline solids 
and (b) amorphous forms (Adapted from Yu, 2001:30). 

13 

Figure 2.4: Anatomy of the skin adapted from (El Maghraby et al., 2008:205). 18 

Figure 2.5: 
Mechanism of skin penetration and permeation (adapted from Vitorino 
et al., 2015). 

22 

Figure 2.6: Structure of liposomes 30 

Figure 2.7: Liposome skin interactions (Adapted from Ashtikar et al., 2016:134). 34 

 

CHAPTER 3: ARTICLE FOR THE PUBLICATION IN DRUG DELIVERY 

Figure 1: 
XRPD diffraction patterns: a) crystalline RM, b) cholesterol, c) 
phosphatidylcholine, d) RM1, e) RM2 and f) RM3 

70 

Figure 2: 
Appearance of vesicles viewed using TEM: a) Dispersion 1, b) 
Dispersion 2 and  
c) Dispersion 3 

71 

Figure 3: 
Average flux (µg/cm2.h) of roxithromycin released during release 
studies conducted on liposomes containing different forms of 
roxithromycin after 6 h 

72 

Figure 4: 
Average %roxithromycin diffused during the skin diffusion studies 
conducted on liposomes containing different forms of roxithromycin 
after 12 h 

73 

Figure 5: 
Average concentration (µg/ml) of roxithromycin in the SCE with the 
different liposomes after tape stripping 

74 

Figure 6: 
Average concentration (µg/ml) of roxithromycin in the ED with the 
different liposomes after tape stripping 

75 

 

ANNEXURE A: METHOD VALIDATION FOR THE QUANTIFICATION OF ROXITHROMYCIN 

Figure A.1: 
Average peak area plotted against the concentration of roxithromycin 
to prove the linearity of the analytical method 

92 

Figure A.2: Sample preparation used to determine the accuracy of roxithromycin 93 

Figure A.3: 
Sample preparation used to determine the LOD and LLOQ of 
roxithromycin 

94 

Figure A.4: 
Sample preparation used to determine the intra-day precision of 
roxithromycin 

96 



xix 
 

Figure A.5: Sample preparation used to determine the specificity of roxithromycin 101 

Figure A.6: Roxithromycin standard for specificity analysis 102 

Figure A.7: Specificity analysis results using distilled water as reagent 102 

Figure A.8: Specificity analysis results using 0.1 M hydrochloric acid as reagent 103 

Figure A.9: Specificity analysis using 0.1 M sodium hydroxide as reagent 103 

Figure A.10: Specificity analysis using 10% hydrogen peroxide as reagent 104 

 

ANNEXURE B: PHYSICAL CHARACTERISATION OF THE DIFFERENT SOLID-STATES OF 

ROXITHROMYCIN 

Figure B.1: 

Preparation method for the ‘glassy’ amorphous form of roxithromycin:  
(a) crystalline form of roxithromycin on the surface of a glass Petri 
dish, (b) melted roxithromycin, (c) cracked ‘glassy’ amorphous form of 
roxithromycin after rapid cooling of the melt and (d) flakes of the 
amorphous form of roxithromycin after crushing the molten product into 
smaller pieces. 

109 

Figure B.2: 

Preparative method to render the amorphous chloroform desolvated 
form from crystalline roxithromycin: (a) roxithromycin monohydrate 
dissolved in the volatile solvent, (b) concentrated mass of 
roxithromycin the chloroform solvate and  
(c) broken granules of the chloroform desolvated amorphous form after 
complete desolvation. 

110 

Figure B.3: 
An illustration of the different laboratory equipment: (a) A PANalytical 
Empyrean diffractometer, (b) Shimadzu IR Prestige-21 
spectrophotometer and (c) Shimadzu DSC-60 instrument. 

113 

Figure B.4: 
An overlay of the XRPD patterns of (a) the commercially acquired 
crystalline form of roxithromycin, (b) quench cooled amorphous form of 
roxithromycin and (c) the amorphous chloroform desolvated form. 

114 

Figure B.5: 
An overlay of the DSC thermograms obtained for (a) crystalline 
roxithromycin and (b) the quench cooled amorphous form of 
roxithromycin. 

115 

Figure B.6: 
An overlay of the DSC thermograms obtained for (a) crystalline 
roxithromycin monohydrate, along with (b) the desolvated chloroform 
amorphous form. 

115 

Figure B.7: 
FT-IR spectrum obtained from the purchased crystalline form of 
roxithromycin. 

117 

Figure B.8: 
FT-IR spectrum obtained for the amorphous form of roxithromycin 
prepared through quench cooling of the melt method. 

118 

Figure B.9: 
FT-IR spectrum obtained for the amorphous form of roxithromycin 
prepared through desolvation of a chloroform solvate. 

118 

Figure B.10: 

An overlay of the XRPD diffraction patterns obtained for (a) the 
crystalline form of roxithromycin, (b) cholesterol, (c) 
phosphatidylcholine and the prepared lipid films (d) (RM 1), (e) (RM 2) 
and (f) (RM 3). 

122 

Figure B.11: 
An overlay of the thermograms obtained after DSC analysis for the 
lipid films which contained the crystalline form of roxithromycin: (a) 
(RM 1), (b) (RM 2) and (c) (RM 3). 

125 



xx 
 

   

Figure B.12: An overlay of the thermograms obtained after DSC analysis for (a)  125 

 phosphatidylcholine and (b) cholesterol.  

Figure B.13: 
An overlay of the FT-IR spectra obtained for the lipid films consisting of 
the crystalline form of roxithromycin: (RM 1) (blue spectrum), (RM 2) 
(purple spectrum) and (RM 3) (pink spectrum). 

126 

Figure B.14: 

An overlay of the XRPD diffraction patterns obtained for (a) the quench 
cooled amorphous form of roxithromycin, (b) cholesterol, (c) 
phosphatidylcholine and the lipid films (QC 1), (QC 2) and (QC 3) 
prepared with different concentrations of the excipients. 

127 

Figure B.15: 
An overlay of the thermograms obtained after DSC analysis for the 
lipid films which contained the quench cooled amorphous form of 
roxithromycin: (a) (QC 1), (b) (QC 2) and (c) (QC 3). 

130 

Figure B.16: 

An overlay of the FT-IR spectra obtained for the lipid films consisting of 
the amorphous form of roxithromycin prepared through quench cooling 
of the melt method: (QC 1) (red spectrum), (QC 2) (blue spectrum) and 
(QC 3) (grey spectrum). 

131 

Figure B.17: 

An overlay of the XRPD diffraction data obtained for (a) the amorphous 
form of roxithromycin prepared through desolvation of a chloroform 
solvate,  
(b) cholesterol, (c) phosphatidylcholine and the prepared lipid films 
(CD 1), (CD 2) and (CD 3). 

132 

Figure B.18: 
An overlay of the DSC thermograms for the prepared lipid films 
incorporating the chloroform desolvated amorphous form of 
roxithromycin: (a) (CD 1), (b) (CD 2) and (c) (CD 3). 

135 

Figure B.19: 

An overlay of the spectra obtained after FT-IR analysis for the different 
lipid films prepared with the chloroform desolvated amorphous form of 
roxithromycin: (CD 1) (purple spectrum), (CD 2) (black spectrum) and 
(CD 3) (red spectrum). 

136 

Figure B.20: 

An overlay of the XRPD diffractograms of the three lipid films obtained 
with the crystalline form of roxithromycin, prepared to contain 
decreasing concentrations of phosphatidylcholine and increasing 
cholesterol content displaying (a) (RM 1), (b) (RM 2) and (c) (RM 3). 

137 

Figure B.21: 

An overlay of the XRPD diffractograms of the three lipid films obtained 
with the quench cooled amorphous form of roxithromycin, including the 
incorporation of different concentrations of cholesterol and 
phosphatidylcholine showing  
(a) (QC 1), (b) (QC 2) and (c) (QC 3). 

138 

Figure B.22: 

An overlay of the XRPD diffractograms of the three lipid films obtained 
after the preparation of the chloroform desolvated form of 
roxithromycin, cholesterol and phosphatidylcholine  describing (a) 
(CD 1), (b) (CD 2) and (c) (CD 3). 

138 

 

ANNEXURE C: FORMULATION AND CHARACTERISATION OF LIPOSOMES FOR TOPICAL DELIVERY 

Figure C.1: 

Formulation process employed for all of the liposome preparations: a) 
dissolve the API and excipients in chloroform in a round bottom flask; 
b) evaporate solvent; c) dry lipid film on the surface of the flask; d) 
hydrate the lipid film with purified water; e) sonicate the milky solution 
for 2 min; f) allow final liposome product to hydrate at room 

147 



xxi 
 

temperature 

Figure C.2: Nikon Eclipse E4000 microscope 149 

Figure C.3: Micrographs of the vesicle formation of (a) PL 1, b) PL 2 and c) PL 3 149 

Figure C.4: FEI Technai G2 high resolution transmission electron microscope 150 

Figure C.5: Micrographs of the formed liposomes: a) PL 1, b) PL 2 and c) PL 3 151 

Figure C.6: 
Characterisation of liposomes: a) A clear disposable zeta cell and b) 
Malvern Zetasizer Nano ZS 2000. 

152 

Figure C.7: Size distribution of PL 1 153 

Figure C.8: Size distribution of PL 2 153 

Figure C.9: Size distribution of PL 3 153 

Figure C.10: Average droplet size (nm) of the different liposomes 157 

Figure C.11: Average vesicle size (nm) of RM 1 measured per vesicle radius 158 

Figure C.12: Average vesicle size (nm) of QC 1 measured per vesicle radius 158 

Figure C.13: Average vesicle size (nm) of CD 1 measured per vesicle radius 158 

Figure C.14: Average vesicle size (nm) of RM 2 measured per vesicle radius 159 

Figure C.15: Average vesicle size (nm) of QC 2 measured per vesicle radius 159 

Figure C.16: Average vesicle size (nm) of CD 2 measured per vesicle radius 159 

Figure C.17: Average vesicle size (nm) of RM 3 measured per vesicle radius 160 

Figure C.18: Average vesicle size (nm) of QC 3 measured per vesicle radius 160 

Figure C.19: Average vesicle size (nm) of CD 3 measured per vesicle radius 160 

Figure C.20: A Mettler Toledo® pH meter 161 

Figure C.21: The average zeta-potential (mV) results of the different liposomes 164 

 

ANNEXURE D: DIFFUSION STUDIES OF ROXITHROMYCIN ENCAPSULATED IN LIPOSOMES FOR 

TOPICAL DELIVERY 

Figure D.1: 

Membrane release and skin diffusion study experimental setup: (a) 
Vertical Franz cell consisting of a donor and receptor compartment, (b) 
Dow Corning® vacuum grease, (c) Assembled and greased vertical 
Franz cell, (d) a horse shoe clamp used to prevent leakage and (e) 
Grant® water bath. 

180 

Figure D.2: 

Skin preparation: (a) A dermatome, (b) 400 µm dermatomed skin 
placed on a filter paper and (c) the skin wrapped in tin foil and placed 
within the freezer and clear plastic bag with information about the skin 
preparation on it. 

182 

Figure D.3: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of RM1 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

186 

Figure D.4: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of RM1 that permeated through the membrane 
over a period of 6 h for each individual Franz cell (n = 10) 

186 

Figure D.5: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of RM2 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 9) 

187 

Figure D.6: Cumulative amount per area (µg/cm2) of roxithromycin released from 187 



xxii 
 

the liposome vesicle of RM2 that permeated through the membrane 
over a period of 6 h for each individual Franz cell (n = 9) 

Figure D.7: 

Average cumulative amount per area (µg/cm2) of 
roxithromycinreleased from the liposome vesicle of RM3 that 
permeated through the membrane into the receptor phase over a 
period of 6 h (n = 10) 

188 

Figure D.8: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of RM3 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

188 

Figure D.9: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of QC1 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

189 

Figure D.10: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of QC1 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

189 

Figure D.11: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of QC2 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

190 

Figure D.12: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of QC2 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

190 

Figure D.13: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of QC3 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

191 

Figure D.14: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of QC3 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

191 

Figure D.15: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of CD1 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

192 

Figure D.16: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of CD1 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

192 

Figure D.17: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of CD2 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

193 

Figure D.18: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of CD2 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

193 

Figure D.19: 
Average cumulative amount per area (µg/cm2) of roxithromycin 
released from the liposome vesicle of CD3 that permeated through the 
membrane into the receptor phase over a period of 6 h (n = 10) 

194 

Figure D.20: 
Cumulative amount per area (µg/cm2) of roxithromycin released from 
the liposome vesicle of CD3 that permeated through the membrane 
over a period of 6 h for each individual Franz cells (n = 10) 

194 

Figure D.21: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of RM1 
(n = 10) 

197 

Figure D.22: Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of RM2 

198 



xxiii 
 

(n = 8) 

Figure D.23: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of RM3 
(n = 9) 

198 

Figure D.24: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of QC1 
(n = 10) 

199 

Figure D.25: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of QC2 
(n = 9) 

199 

Figure D.26: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of QC3 
(n = 10) 

200 

Figure D.27: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of CD1 
(n = 10) 

200 

Figure D.28: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of CD2 
(n = 9) 

201 

Figure D.29: 
Roxithromycin concentration in the receptor phase of the Franz cells 
during the diffusion study performed on liposome vesicle of CD3 
(n = 7) 

201 

Figure D.30: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM1 in the 
SCE after tape stripping (n = 10) 

204 

Figure D.31: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM2 in the 
SCE after tape stripping (n = 8) 

204 

Figure D.32: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM3 in the 
SCE after tape stripping (n = 9) 

205 

Figure D.33: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC1 in the 
SCE after tape stripping (n = 9) 

205 

Figure D.34: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC2 in the 
SCE after tape stripping (n = 9) 

206 

Figure D.35: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC3 in the 
SCE after tape stripping (n = 10) 

206 

Figure D.36: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD1 in the 
SCE after tape stripping (n = 8) 

207 

Figure D.37: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD2 in the 
SCE after tape stripping (n = 9) 

207 

Figure D.38: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD3 in the 
SCE after tape stripping (n = 7) 

208 

Figure D.39: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM1 in the 
ED after tape stripping (n = 9) 

209 

Figure D.40: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM2 in the 
ED after tape stripping (n = 8) 

210 

Figure D.41: 
Roxithromycin concentration (µg/ml) from liposome vesicle RM3 in the 
ED after tape stripping (n = 9) 

210 

Figure D.42: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC1 in the 
ED after tape stripping (n = 3) 

211 



xxiv 
 

Figure D.43: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC2 in the 
ED after tape stripping (n = 9) 

211 

Figure D.44: 
Roxithromycin concentration (µg/ml) from liposome vesicle QC3 in the 
ED after tape stripping (n = 10) 

212 

Figure D.45: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD1 in the 
ED after tape stripping (n = 5) 

212 

Figure D.46: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD2 in the 
ED after tape stripping (n = 9) 

213 

Figure D.47: 
Roxithromycin concentration (µg/ml) from liposome vesicle CD3 in the 
ED after tape stripping (n = 7) 

213 

 



xxv 
 

LIST OF TABLES 

CHAPTER 2: TOPICAL DELIVERY OF LIPOSOMES ENCAPSULATING ROXITHROMYCIN FOR ACNE 

TREATMENT 

Table 2.1: Physicochemical characteristics of roxithromycin 11 

Table 2.2: Classification of liposomes 30 

 

CHAPTER 3: ARTICLE FOR THE PUBLICATION IN DRUG DELIVERY 

Table 1: Excipients used to formulate the liposomes 68 

Table 2: Characterisation results for the nine liposomes 69 

 

CHAPTER 4: CONCLUSION AND FUTURE RECOMMENDATIONS 

Table 4.1: 
Ratios of the excipients used in the preparation of different liposomes 
containing the crystalline RM, together with the QC and the CD 
amorphous forms. 

78 

 

ANNEXURE A: METHOD VALIDATION FOR THE QUANTIFICATION OF ROXITHROMYCIN 

Table A.1: 
The concentration (µg/ml) for each prepared standard solution and the 
obtained average peak area calculated between the duplicate 
injections 

91 

Table A.2: Results for accuracy of roxithromycin 93 

Table A.3: 
Results of limit of detection (LOD) and quantitation (LLOQ) of 
roxithromycin 

95 

Table A.4: Results for intra-day precision for roxithromycin 97 

Table A.5: Results for inter-day precision for roxithromycin 97 

Table A.6: Results for system repeatability of roxithromycin 98 

Table A.7: Results for stability of roxithromycin 99 

Table A.8: Results for stability of roxithromycin 100 

 

 



xxvi 
 

ANNEXURE B: PHYSICAL CHARACTERISATION OF THE DIFFERENT SOLID-STATES OF 

ROXITHROMYCIN 

Table B.1: Measurement conditions for XRPD used in this study. 111 

Table B.2: Experimental set up and conditions for DSC analysis. 112 

Table B.3: 
Summary of the characteristic absorption bands detected for the three 
solid-state forms of roxithromycin over a range of 3600 – 2000 cm-1. 

117 

Table B.4: Ratios of the excipients used to prepare the different lipid films. 121 

Table B.5: 
Nine lipid film samples containing 2% (w/w) of the three different 
solid-state forms of roxithromycin in combination with varying 
concentrations of the excipients. 

121 

Table B.6: 
Composition of the lipid films consisting of crystalline roxithromycin 
(2% w/w) with decreasing phosphatidylcholine and increasing 
cholesterol concentrations. 

122 

Table B.7: 
Comparison of the XRPD diffraction peaks for the purchased 
crystalline form of roxithromycin, cholesterol, phosphatidylcholine and 
the lipid films (RM 1), (RM 2) and (RM 3). 

123 

Table B.8: 
Composition of the lipid films consisting of the quench cooled 
amorphous form of roxithromycin (2% w/w) in combination with 
varying concentrations of excipients. 

127 

Table B.9: 
Comparison of the diffraction peaks for the crystalline form of 
roxithromycin, cholesterol, phosphatidylcholine and the assorted lipid 
films (QC 1), (QC 2) and (QC 3). 

128 

Table B.10: 
Composition of the lipid films consisting of the chloroform desolvated 
amorphous form of roxithromycin (2% w/w) in combination with 
varying concentrations of excipients. 

131 

Table B.11: 

Comparison of the diffraction peaks obtained for the purchased 
crystalline form of roxithromycin, cholesterol, phosphatidylcholine and 
the lipid films (CD 1), (CD 2) and (CD 3) prepared with various 
excipient concentrations. 

133 

 

ANNEXURE C: FORMULATION AND CHARACTERISATION OF LIPOSOMES FOR TOPICAL DELIVERY 

Table C.1: 
Excipients, functions, suppliers and batch numbers of the materials 
used in the composition of the liposomes encapsulating the different 
solid-state forms of the API 

146 

Table C.2: 
Composition of the vesicles without the pharmaceutical solid in 
different ratios of phosphatidylcholine and cholesterol 

148 

Table C.3: 
Average size and PdI for the three preparations of the liposomes 
containing no API 

153 

Table C.4: 
Formulas of the liposome preparation consisting of 2% (w/v) of the 
different solid-state forms of roxithromycin with a phosphatidylcholine: 
cholesterol ratio of 4:1 

154 

Table C.5: Formulas of the liposome preparation consisting of 2% (w/v) of the 
different solid-state forms of roxithromycin with a phosphatidylcholine: 

154 



xxvii 
 

cholesterol ratio of 3:1 

Table C.6: 
Formulas of the liposome preparation consisting of 2% (w/v) of the 
different solid-state forms of roxithromycin with a phosphatidylcholine: 
cholesterol ratio of 3:2 

154 

Table C.7: 
Micrographs of the vesicle systems formulated with different solid-
state forms of roxithromycin viewed using light microscopy 

155 

Table C.8: 

Comparison of the average droplet size (nm) and PdI for the devised 
vesicle systems encapsulating the crystalline form (RM) of 
roxithromycin, as well as the amorphous solid-state forms (QC and 
CD) of roxithromycin 

156 

Table C.9: 
The average zeta-potential (mV) results obtained after analysis of the 
different liposome formulations consisting of the different solid-state 
forms 

163 

Table C.10: 
The average pH values recorded for the vesicle systems 
encapsulating different solid-state forms of roxithromycin 

165 

Table C.11: 
The average entrapment efficiencies (%EE) of the individual vesicle 
formulations incorporating the different solid-state forms of 
roxithromycin 

167 

Table C.12: 
Summary of the physicochemical properties obtained for the different 
liposome formulations 

168 

 

ANNEXURE D: DIFFUSION STUDIES OF ROXITHROMYCIN ENCAPSULATED IN LIPOSOMES 

FOR TOPICAL DELIVERY 

 

Table D.1: 
The chromatographic conditions used during the detection of 
roxithromycin and its amorphous solid-state forms in the receptor 
phase, SCE and ED 

178 

Table D.2: 
Average flux (µg/cm2.h) and the average %released (%) of 
roxithromycin through the membranes for each dispersion after 6 h (n 
represents the amount of Franz cells used in each formulation) 

184 

Table D.3: 
Average amount per area diffused (µg/cm2) for roxithromycin after 
12 h 

195 

Table D.4: 
The average concentration of roxithromycin present in the SCE and 
ED obtained after tape stripping 

202 

 

 

 

 



xxviii 
 

LIST OF EQUATIONS 

CHAPTER 2: TOPICAL DELIVERY OF LIPOSOMES ENCAPSULATING ROXITHROMYCIN FOR ACNE 

TREATMENT 

Equation 2.1  24 

Equation 2.2 %ionised = 100/1 + antilog (pKa – pH) 27 

Equation 2.3 %unionised = 100 – %ionised 27 

 

CHAPTER 3: ARTICLE FOR THE PUBLICATION IN DRUG DELIVERY 

Equation 1 %EE = [(Ct – C0) / Ct)] x 100 54 

 

ANNEXURE C: FORMULATION AND CHARACTERISATION OF LIPOSOMES FOR TOPICAL DELIVERY 

Equation C.1 %EE = [(Ct – C0) / Ct)] x 100 166 

 

 



xxix 
 

ABBREVIATIONS 

%EE   Entrapment efficiency 

%RSD   Percentage relative standard deviation 

°C  Temperature  

API   Active pharmaceutical ingredient 

APVMA  Australian Pesticides and Veterinary Medicines Authority 

ASD   Amorphous solid dispersion 

ATL   Analytical Technology Laboratory 

BP   British Pharmacopoeia 

CD   Chloroform desolvate amorphous form of roxithromycin  

CD1   Liposomes containing 2% CD together with phosphatidylcholine and      

   cholesterol in a ratio of 4:1 

CD2     Liposomes containing 2% CD together with phosphatidylcholine and      

   cholesterol in a ratio of 3:1 

CD3  Liposomes containing 2% CD together with phosphatidylcholine and      

   cholesterol in a ratio of 3:2 

CH3OH  Methanol 

CHCl3   Chloroform 

D  Diffusion coefficient 

DNA  Deoxyribonicleic acid 

DSC   Differential scanning calorimetry 

ED   Epidermis-dermis 

FDA   Food and Drug Administration 

FT-IR   Fourier-transform infrared spectroscopy 

GUV    Giant unilamellar vesicles 

H2O   Water 

H2O2   Hydrogen peroxide 



xxx 
 

H6NO4P  Ammonium dihydrogen phosphate 

HCl   Hydrochloride acid 

HLB   Hidrophilic-lipophilic balance 

HPLC   High performance liquid chromatography 

ICH   International Conference of Harmonisation 

ICMJE  International Committee of Medical Journal Editors (ICMJE) 

IR   Infrared 

KBr   Potassium bromide 

KH2PO4  Pottasium di-hydrogen orthophosphate 

LAMB   Laboratory of Applied Molecular Biology 

LLOQ   Lower limit of quantification 

LOD   Limit of detection 

Log D   Octanol-buffer distribution coefficient 

Log P   Octanol-water partition coefficient 

LUV  Large unilamellar vesicles  

MeOH   Methanol 

MLV  Multilamellar vesicles  

MUV  Medium unilamellar vesicles  

mV  Milli Volt 

MVV  Multivesicular vesicles   

NaOH   Sodium hydroxide 

NCBI  National Centre for Biotechnology information 

NH4H2PO4  Ammonium di-hydrogen phosphate 

NH4OH  Ammonia 

NWU   North-West University 

OH   Hydroxyl 

OLV   Oligolamellar vesicles  

PBS   Phosphate buffer solution 

PCS    Photon correlation spectroscopy  



xxxi 
 

PdI   Polydispersity index 

PL 1   Placebo liposomes (without API) together with phosphatidylcholine and 
cholesterol in a ratio of 4:1 

PL 2  Placebo liposomes (without API) together with phosphatidylcholine and 
cholesterol in a ratio of 3:1 

PL 3  Placebo liposomes (without API) together with phosphatidylcholine and 
cholesterol in a ratio of 3:2 

PVDF   Polyvinylidene fluoride 

QC   Quench cooled amorphous form of roxithromycin 

QC1   Liposomes containing 2% QC together with phosphatidylcholine and      

   cholesterol in a ratio of 4:1 

QC2   Liposomes containing 2% QC together with phosphatidylcholine and      

   cholesterol in a ratio of 3:1 

QC3    Liposomes containing 2% QC together with phosphatidylcholine and      

   cholesterol in a ratio of 3:2 

R2   Regression coefficient 

RM   Raw material/ monohydrate form of roxithromycin 

RM1   Liposomes containing 2% RM together with phosphatidylcholine and      

   cholesterol in a ratio of 4:1 

RM2   Liposomes containing 2% RM together with phosphatidylcholine and      

   cholesterol in a ratio of 3:1 

RM3   Liposomes containing 2% RMtogether with phosphatidylcholine and      

   cholesterol in a ratio of 3:2 

RNA    Ribosomal ribonucleic acid  

RPM   Revolutions per minute 

SCE   Stratum corneum-epidermis 

SD   Standard deviation 

STD  standard solution 

SUV   Small unilamellar vesicles 

TEM   Transmission electron microscopy 

Tg   Transition temperature 



xxxii 
 

Tm   Melting poing 

USP   United States Pharmacopoeia 

UV   Ultraviolet 

UVL   Unilamellar vesicles  

XRPD   X-ray powder diffraction 

 



1 
 

CHAPTER 1 
INTRODUCTION, PROBLEM STATEMENT AND AIM 

1.1 Introduction 

The human body`s largest and most sophisticated organ is the skin, this layer with its enormous 

surface area covers approximately 2 m2 of the external body surface and contributes to 15% of 

the total body mass of an adult (Foldvari, 2000:417; Washington et al., 2001:182; Wickett & 

Visscher, 2006:S89; Williams, 2013:677).  The relatively large surface area provided by the 

skin, makes this organ ideal for the administration of systemic, as well as topical, 

pharmaceutical compounds (Williams, 2003:1). 

The intended purpose of delivering a drug topically is to keep the drug within the skin, after the 

application of the formulation directly to the ideal site of action (Williams, 2013:676).  The topical 

delivery route of a drug presents with several advantages including: the avoidance of direct 

contact with the liver where hepatic metabolism occurs, increased therapeutic outcomes due to 

the non-invasive and painless administration of the preparation to the skin, drug targeting to the 

specific target-site where treatment is required and most importantly the systemic toxicity of the 

drug can be reduced which increases the patient compliance (Thomas & Finnin, 2004:697; 

Washington et al., 2001:187).  Despite the fact that numerous benefits can be gained when 

using the topical drug delivery route, the natural barrier provided by the complex structure of the 

skin is still regarded as a major drawback from a formulation point of view (El Maghraby et al., 

2008:204; Washington et al., 2001:187). 

Roxithromycin is a semi-synthetic macrolide antibiotic, presenting with an antibacterial spectrum 

similar to the naturally occurring erythromycin (Aucamp et al., 2012:467; Bryskier, 1998:2).  This 

antibacterial agent exhibits bacteriostatic functions when administrated in low concentrations, as 

well as bactericidal effects at higher intensities, resulting in the termination of the protein 

synthesis and growth of numerous gram-positive, gram-negative bacilli and cocci, along with a 

wide variety of atypical micro-organisms (Aucamp et al., 2012:467; Zhanel et al., 2001:445).  

Various antibiotics and therapeutic agents, such as erythromycin and clindamycin, have been 

used to treat bacterial entities residing on the skin (Jeong et al., 2017:243; Mahto, 2017:387).  

However, there have been numerous reports indicating that antibiotic resistance and side 

effects have increased rapidly with the continuous use of antibacterial compounds (Jeong et al., 

2017:243).  Thus, recent studies suggested the use of newer antibiotics, i.e. roxithromycin, to 

test the efficiency of this drug within a topical formulation (Csongradi et al., 2017:96). 
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To penetrate the skin effectively, certain physicochemical properties of the drug should be ideal 

or close to ideal (Williams, 2003:37).  One such property is the aqueous solubility of the active 

pharmaceutical ingredient (API), which should be 1 mg/ml or greater to obtain a formulation 

equipped for successful topical drug delivery (Naik et al., 2000:31).  Regardless of the fact that 

roxithromycin presents with the prospect to be incorporated in a topical preparation to be used 

against acne, certain physicochemical properties are considered crucial for successful delivery 

of the API.  It is unfortunate that roxithromycin is known to be insoluble in water, presenting with 

a low aqueous solubility value of 0.0335 mg/ml, in an aqueous medium at 25 °C (Aucamp et al., 

2013:26), which is much lower than the solubility value to ensure optimal topical penetration and 

this disadvantage is still a problem for researchers and formulators today (Csongradi et al., 

2017:96). 

It is a known fact that different pharmaceutical compounds can exist in multiple solid-state forms 

(Aucamp et al., 2013:18; Chieng et al., 2011:618; Vippagunta et al., 2011:4).  The solid-state 

form in which a drug exists significantly influences the solubility thereof, due to the higher or 

lower free energy available between the drug molecules (Aucamp et al., 2012:467; Aucamp et 

al., 2013:18).  The crystalline solids are characterised by both short-range and long-range 

molecular order, thus contributing to the well-defined molecular structure (Craig et al., 1999:179; 

Yu, 2001:30).  The more crystalline a drug is, the lower the solubility of the API, as the result of 

limited available free energy in the crystal lattice (Chieng et al., 2011:618).  The amorphous 

state of the compounds presents with increased free energy, due to the complete absence of 

long-range three-dimensional order, resulting in improved solubility values compared to its 

crystalline counterpart (Aucamp et al., 2012:467; Hancock et al., 2002:74).  However, the higher 

free energy state of the amorphous forms often lead to a less stable compound with decreased 

physical and possibly chemical stability of the amorphous forms.  These forms are more prone 

to spontaneously crystallise during the preparation, formulation, handling and storage thereof. 

(Aucamp et al., 2013:18; Craig et al., 1999:179; Laitinen et al., 2013:65; Lin et al., 2015:458;  

Newman et al., 2012:1355). 

If formulators can apply the amorphous form(s) of an API within the preparation of drug delivery 

vesicles, it is possible to obtain improved drug delivery to the skin.  Improvement strategies for 

successful drug delivery can possibly be achieved through the combination of three methods: 

(1) the use of the amorphous solid-state forms of the drug, thus increasing the aqueous 

solubility of the compound, (2) rendering an API into its amorphous forms by means of the 

preparation of an amorphous solid dispersion and (3) the formulation of carrier systems (Bansal 

et al., 2012:704).  Extensive research has been conducted in the field of these particular carrier 

systems (Prashar et al., 2013:130).  Drug delivery systems are known to effectively deliver APIs 

to specific regions of the skin, thus improving the absorption and availability of the drug at the 

target-site of compounds which are insoluble or poorly soluble in water (Bansal et al., 2012:704; 
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Drulis-Kawa & Dorotkiewicz-Jach, 2010:197).  Liposomes consist of a unique amphiphilic 

character, making this vesicle system an ideal candidate for the encapsulation of both 

hydrophilic and hydrophobic particles (Madni, 2014:401; Varun et al., 2012:632).  Hence, the 

three solid-state forms of roxithromycin (separately) will be more soluble in the hydrophobic 

bilayer of the liposomes, which may improve the stability of the drug, consequently increasing 

the probability of topical drug delivery. 

1.2 Problem statement 

A previous study, performed by Csongradi (2015), focused on the inclusion of two amorphous 

solid-state forms, as well as the crystalline form of roxithromycin monohydrate into topical drug 

delivery vesicles.  From the results obtained during this study, it was apparent that the vesicle 

preparations resulted in improved and targeted drug delivery for roxithromycin, especially so for 

the amorphous forms encapsulated into the drug delivery vesicles.  Whether roxithromycin 

remained in the amorphous state after incorporation into the vesicles, is a research question 

that still needs to be addressed.  This study will focus on ascertaining whether one or all of the 

excipients used during the preparation of liposomes containing the different amorphous solids of 

roxithromycin will lead to the stabilisation of the amorphous forms, as the result of the formation 

of an amorphous solid dispersion. 

1.3 Aims and objectives 

The aim of this study was to determine which liposome excipient combination used to formulate 

the different liposomes had a stabilising effect on the amorphous forms of the API, whilst 

preventing them from converting back to the more stable crystalline solid-state form.  

Formulations were prepared using the crystalline form of roxithromycin (RM), the quench cooled 

(QC) and chloroform desolvated (CD) amorphous forms.  With the purpose of investigating this 

occurrence, three liposome dispersions formulated with different phosphatidylcholine and 

cholesterol ratios were prepared, encapsulating the three solid-state forms of the API.  This 

resulted in the preparation of nine formulations in total (n = 9).  The second aim was to 

determine which of the nine liposome formulations would deliver the highest concentration of 

the API to its target site. 

The objectives of this research study consist of the following: 

 Validation of the high performance liquid chromatography (HPLC) method to 

quantitatively determine the concentration of roxithromycin in each liposome vesicle 

system. 

 Preparation of the quench cooled (QC) and the chloroform desolvated (CD) amorphous 

forms of roxithromycin. 
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 Solid-state characterisation of the two amorphous forms in comparison to the crystalline 

form by means of differential scanning calorimetry (DSC), Fourier-transform infrared 

spectroscopy (FT-IR) and x-ray powder diffraction (XRPD). 

 Preparation of the nine lipid films (precursors of liposomes) containing all three 

roxithromycin solid-state forms (crystalline and two amorphous forms) separately with all 

thee the ratios of phosphatidylcholine and cholesterol and the determination of the 

crystallisation of the amorphous forms by means of XRPD, DSC and FT-IR. 

 Preparation of the liposomal vesicle systems (n = 9) consisting of the three solid-state 

forms (crystalline and the two amorphous forms) of roxithromycin in three different ratios 

of the excipients (phosphatidylcholine and cholesterol). 

 Characterisation of the liposomes formulated with or without roxithromycin in terms of 

morphology, droplet size and distribution, zeta-potential, pH and entrapment efficiency 

(%EE). 

 Perform membrane release studies to determine whether roxithromycin and the two 

prepared amorphous forms were released from the different liposomes. 

 Perform skin diffusion studies, followed by tape stripping to determine whether 

roxithromycin and the two amorphous forms were delivered transdermally and/or 

topically. 



5 
 

References 

Aucamp, M., Liebenberg, W., Strydom, S.J., Van Tonder, E.C. & De Villiers, M.M.  2012.  

Physicochemical properties of amorphous roxithromycin prepared by quench cooling of the melt 

or desolvation of a chloroform solvate.  American Association of Pharmaceutical Scientist, 

PharmSciTech, 13(2):467-476. 

Aucamp, M., Stieger, N., Barnard, N. & Liebenberg, W.  2013.  Solution-mediated phase 

transformation of different roxithromycin solid-state forms: implications on dissolution and 

solubility.  International Journal of Pharmaceutics, 449(1-2):18-27. 

Bansal, S., Kashyap, C.P., Aggarwal, G. & Harikumar, S.L.  2012.  A comparative review on 

vesicular drug delivery systems and stability issues.  International Journal of Research in 

Pharmacy and Chemistry, 2(3):704-713. 

Bryskier, A.  1998.  Roxithromycin: review of its antimicrobial activity.  The Journal of 

Antimicrobial Chemotherapy, 41:1-21. 

Chieng, N., Rades, T. & Aaltonen, J.  2011.  An overview of recent studies on the analysis of 

pharmaceutical polymorphs.  Journal of Pharmaceutical and Biomedical Analysis, 55(4):618-

644. 

Craig, D.Q., Royall, P.G., Kett, V.L. & Hopton, M.L.  1999.  The relevance of the amorphous 

state to pharmaceutical dosage forms: glassy drugs and freeze dried systems.  International 

Journal of Pharmaceutics, 179(2):179-207. 

Csongradi, C.  2015.  The effect of solid-state forms on the topical delivery of roxithromycin.  

Potchefstroom: NWU.  (Dissertation-MSc). 

Csongradi, C., Du Plessis, J., Aucamp, M.E. & Gerber, M.  2017.  Topical delivery of 

roxithromycin solid-state forms entrapped in vesicles.  European Journal of Pharmaceutics and 

Biopharmaceutics, 144:96-107. 

Drulis-Kawa, Z. & Dorotkiewicz-Jach, A.  2010.  Liposomes as delivery systems for antibiotics.  

International Journal of Pharmaceutics, 387(1-2):187-198. 

El Maghraby, G.M., Barry, B.W. & Williams, A.C.  2008.  Liposomes and skin: from drug delivery 

to model membranes.  European Journal of Pharmaceutical Sciences, 34(4-5):203-222. 

Foldvari, M.  2000.  Non-invasive administration of drugs through the skin: challenges in 

delivery system design.  Pharmaceutical Science & Technology Today, 3(12):417-425. 



6 
 

Hancock, B.C., Carlson, G.T., Ladipo, D.D., Langdon, B.A. & Mullarney, M.P.  2002.  

Comparison of the mechanical properties of the crystalline and amorphous forms of a drug 

substance.  International Journal of Pharmaceutics, 241(1):73-85. 

Jeong, S., Lee, J., Im, B.N., Park, H. & Na, K.  2017.  Combined photodynamic and antibiotic 

therapy for skin disorder via lipase-sensitive liposomes with enhanced antimicrobial 

performance.  Biomaterials, 141:243-250. 

Laitinen, R., Löbmann, K., Strachan, C.J., Grohganz, H. & Rades, T.  2013.  Emerging trends in 

the stabilization of amorphous drugs.  International Journal of Pharmaceutics, 453(1):65-79. 

Lin, S.Y., Lin, H.L., Chi, Y.T., Huang, Y.T., Kao, C.Y. & Hsieh, W.H.  2015.  Thermoanalytical 

and Fourier transform infrared spectral curve-fitting techniques used to investigate the 

amorphous indomethacin formation and its physical stability in Indomethacin-Soluplus® solid 

dispersions.  International Journal of Pharmaceutics, 496(2):457-465. 

Madni, A., Sarfraz, M., Rehman, M., Ahmad, M., Akhtar, N., Ahmad, S., Tahir, N., Ijaz, S., Al- 

Kassas, R. & Löbenberg, R.  2014.  Liposomal drug delivery: a versatile platform for challenging 

clinical applications.  Journal of Pharmacy & Pharmaceutical Sciences, 17(3):401-426. 

Mahto, A.  2017.  Acne vulgaris.  Medicine, 45(6):386-389. 

Naik, A., Kalia, Y.N. & Guy, R.H.  2000.  Transdermal drug delivery: overcoming the skin`s 

barrier function.  Pharmaceutical Science and Technology Today, 3(9):318-325. 

Newman, A., Knipp, G. & Zografi, G.  2012.  Assessing the performance of amorphous solid 

dispersions.  Journal of Pharmaceutical Science, 101(4):1355-1377. 

Prashar, D., Kumar, S., Sharma, S., Thakur, P. & Mani, L.  2013.  Liposomal world – an 

economical overview.  Asian Journal of Pharmaceutical Technology and Innovation, 3(3):130-

132. 

Thomas, B.J. & Finnin, B.C.  2004.  The transdermal revolution.  Drug Discovery Today, 

9(16):697-703. 

Varun, T., Sonia, A. & Bharat, P. & Patil, V.  2012.  Niosomes and liposomes – Vesicular 

approach towards transdermal drug delivery.  International Journal of Pharmaceutical and 

Chemistry Sciences, 1(3):632-644. 

Vippagunta, S.R., Brittain, H.G. & Grant, D.J.  2001.  Crystalline solids.  Advanced Drug 

Delivery Reviews, 48(1):3-26. 



7 
 

Washington, N., Washington, C. & Wilson, C.G.  2001.  Physiological pharmaceutics: barriers to 

drug absorption.  2nd ed. London: Taylor & Francis. 312p. 

Wickett, R.R. & Visscher, M.O.  2006.  Structure and function of the epidermal barrier.  

American Journal of Infection Control, 34(10):S98-S110. 

Williams, A.C.  2003.  Structure and function of human skin.  (In Williams, A.C., ed.  

Transdermal and topical drug delivery: from theory to clinical practice.  London: Pharmaceutical 

Press.  p.1-26). 

Williams, A.C.  2013.  Topical and transdermal delivery.  (In Aulton, M.E., ed,  Aulton`s 

pharmaceutics: the design and manufacture of medicines.  4th ed.  London: Churchill 

Livingstone. p. 675-697). 

Yu, L.  2001.  Amorphous pharmaceutical solids: preparation, characterization and stabilization.  

Advanced Drug Delivery Reviews, 48(1):27-42. 

Zhanel, G.G., Dueck, M., Hoban, D.J., Vercaigne, L.M., Embil, J.M., Gin, A.S. & Karlowsky, J.A.  

2001.  Review of macrolides and ketolides. Drugs, 61(4):443-498. 



8 
 

CHAPTER 2 
TOPICAL DELIVERY OF LIPOSOMES ENCAPSULATING ROXITHROMYCIN FOR ACNE TREATMENT 

2.1 Introduction 

Most teenagers and young adults will suffer from various skin conditions at some stage in their 

life.  Acne vulgaris is one such skin disorder, which affects dermal pilosebaceous regions within 

the skin, causing inflammation and discomfort to the sufferer (Krautheim & Gollnick, 2004:398; 

Omer et al., 2017:118).  Several factors have been recorded in the literature with regards to the 

factors involved in the formation of acne, with the most important being the accumulation of the 

bacterial agent Propionibacterium acnes on the surface and in the layers of the skin (Dessinioti 

& Katsambas, 2017:163; Ramanathan & Hebert, 2011:332).  Clinically, it has been proven that 

a number of skin conditions, i.e. acne, are found to be located within the deeper skin layers.  

The use of conventional dosage forms is unsuccessful in treating skin diseases therapeutically 

due to poor retention of the API in the skin (More et al., 2016:197).  However, these findings 

have presented researchers with an alternative treatment option.  The use of topical antibiotics, 

such as roxithromycin, is considered effective in the treatment of mild acne, due to direct access 

of the API to the target-site, where it can minimalise the P. acnes bacterium in the hair follicles 

as well as the sweat and sebaceous glands (Krautheim & Gollnick, 2004:401). 

Transdermal and topical drug delivery systems are considered as an alternative and innovative 

research area for the delivery of APIs to the skin, because of the many advantages over other 

more conventional routes of administration (Barry, 2001:101; Sharma et al., 2013:286).  The 

most important advantage gained from this route is ascribed to improved patient compliance, 

due to an easy medication regime, and it is non-invasive and painless (Jepps et al., 2012:7; 

Perrie et al., 2012:392; Sharma et al., 2013:286).  Although the delivery route is advantageous, 

researchers have not found a solution to face the problems related to topical drug delivery with 

the skin and the stratum corneum layer being the greatest and most important challenge 

(Andrews et al., 2013:1099; El Maghraby et al., 2008:204; Varun et al., 2012:632; Wang et al., 

2003:1612).  Due to the profound lipophilic nature of the stratum corneum, it is described as the 

layer which is more resilient to penetration and permeation of APIs and is mostly responsible for 

limiting the rate of API penetration whilst acting as a flux regulator (Foldvari, 2000:418; Morrow 

et al., 2007:36; Naik et al., 2000:318-319; Williams, 2013:678). 

Significant efforts on the topic of drug delivery have been devoted to improve the methods 

which are currently used and developing and formulating new strategies to overcome the 

resilient barrier function of the stratum corneum (Foldvari, 2000:417).  To improve the delivery 
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of APIs for topical and transdermal use and to ensure increased permeability, researchers have 

made use of active and passive methods in the hope of overcoming the barrier of the skin.  The 

active methods involve enhanced delivery of the active by means of physical or mechanical 

techniques; these methods make use of external energy as a driving force to reduce the stratum 

corneum barrier.  The passive methods are designed to optimise the delivery of drug 

formulations through the skin by means of penetration enhancers or vesicle systems, i.e. 

liposomes (Azeem et al., 2009:671; Brown et al., 2006:176-177). 

Another previously explored strategy is the use of drug delivery carriers, such as liposomes, 

due to their penetration enhancing advantages and fewer side-effects when compared to other 

more conventional dosage forms, resulting in more effective topical drug delivery (Ammar et al., 

2011:142-143; Bolzinger et al., 2012:156; Menon et al., 2012:3; Tavano et al., 2014:7).  For the 

purpose of this study, liposomes were the vesicle system of choice, which will be explored 

further to determine the stabilising effect of the excipients on the amorphous forms of 

roxithromycin. 

Liposomes are hydrated vesicle systems formed with phosphatidylcholine and cholesterol.  The 

vesicle systems have the ability to entrap and deliver a wide variety of APIs, each presenting 

with different physicochemical features.  The drugs encapsulated in the liposomes can either 

localise in the lipid bilayer, the large surface area or within the internal core of the liposomes 

(Bansal et al., 2012:705; Escobar-Chàvez et al., 2012:212).  Liposomes have the ability to 

transport the drugs across the barrier provided by the stratum corneum and into the underlying 

layers of the skin to increase skin penetration (Alexander et al., 2012:33; El Maghraby et al., 

2008:208-211; Honeywell-Nguyen & Bouwstra, 2005:68; Montenegro et al., 2006:139). 

The focal point of this research study was the API, roxithromycin, which is classified as a semi-

synthetic macrolide antibiotic, a 14-membered lactone ring derivative of the naturally occurring 

erythromycin (Bryskier, 1998:1).  Roxithromycin has an experimental log P value of 1.52, which 

is considered favourable for transdermal and topical drug delivery; however, it has a major 

limitation with regard to its low aqueous solubility value of 0.0335 mg/ml at 25 °C (Aucamp et 

al., 2013:26; Csongradi, 2015:178).  Research provided evidence that the poor solubility can be 

improved by altering the solid material (preparation of an amorphous form) to alter and 

manipulate the physicochemical properties, thus enhancing certain characteristics, i.e. solubility 

(Biradar et al., 2006:22; Liebenberg & Aucamp, 2013; Liebenberg et al., 2013; Threlfall, 

1995:2452). 

This discovery led to the preparation of the two amorphous solid-state forms of roxithromycin, 

i.e. the non-crystalline quench cooled amorphous form and chloroform desolvated form, which 

are more soluble than the crystalline form that was used.  The three different forms of 
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roxithromycin were incorporated into liposomal vesicle carrier systems in an attempt to improve 

the solubility problem and to deliver the API topically (Kumar & Rajeshwarrao, 2011:209). 

2.2 Roxithromycin 

Roxithromycin forms part of the macrolide group of antibiotics, such as erythromycin, 

clarithromycin and azithromycin, with similar properties regarding the chemical structure, 

composition and mechanism of action (Ostrowski et al., 2010:83).  The natural occurring, 

erythromycin A has limited clinical use with respect to their instability in acidic medium, as well 

as unfavourable pharmacokinetic properties (Aucamp et al., 2012:467; Zhanel et al., 2001:445).  

To overcome these challenges, a semi-synthetic derivative of natural occurring macrolides has 

been developed through structural modification on the C-9 position of erythromycin (Zhanel et 

al., 2001:445).  Thus, roxithromycin can be classified as a semi-synthetic 14-membered 

antibacterial drug (Aucamp et al., 2012:467; Bryskier, 1998:1).  The chemical structure of 

roxithromycin is presented in Figure 2.1. 

 

Figure 2.1: Structure of roxithromycin 

2.2.1 Mechanism of action 

Roxithromycin exhibits antibacterial activity when reversibly attaching to the ribosomal 

ribonucleic acid (RNA) within the 50S subunit of the bacterial cells (Zhanel et al., 2001:445).  It 

has been proposed that roxithromycin inhibits the protein synthesis by blocking the elongation 

of the peptide chain (Zhanel et al., 2001:445).  During elongation, an amino acid is added to the 

peptide chain resulting in bacterial growth (Zhanel et al., 2001:445).  The fact that roxithromycin 

acts as a bacteriostatic drug at low concentrations and as a bactericidal at high concentrations, 

contributes to the multi-functionality of roxithromycin (Medsafe, 2016; Zhanel et al., 2001:445). 
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2.2.2 Physicochemical information 

The physicochemical features of roxithromycin are tabulated in Table 2.1 

Table 2.1: Physicochemical characteristics of roxithromycin 

Molecular formula Monohydrate: C41H76N2O15
a 

Molecular weight Monohydrate: 837.06 g/mola 

Content Anhydrous substance: 96.0 – 102.0%a 

Appearance White or relatively white crystalline powdera 

Description 
Roxithromycin is a semi-synthetic, macrolide antibiotic with 
a composition, structure and mechanism of action similar 
to the naturally occurring erythromycina 

Solubility 

Very slightly soluble in watera 

Slightly soluble in diluted hydrochloric acida 

Freely soluble in acetone, alcohol and methylene chloridea 

Melting point 116 – 122 °Cb 

Log D (octanol/buffer) 1.52c (pH 7) 

pKa 9.17d,e 

Storage 
Store in a cool, dry place in a sealed air tight container, 
away from light and moisture below 25 °Cf 

a) BP, 2016; b) Aucamp et al., 2012; c) Csongradi, 2015; d) Babić et al., 2007; e) Qiang & Adams, 2004; f) Medsafe, 2016, 

2.2.3 Clinical uses for roxithromycin 

As mentioned before, roxithromycin acts as an antibiotic by binding to the ribosomes of bacterial 

cells and blocking the protein synthesis thereof (Katz & Ashley, 2005:499).  The high affinity of 

roxithromycin for ribosomes, as well as the conserved structure of the ribosomes across the 

entire bacterial family, provides roxithromycin with a broad spectrum of activity (Katz & Ashley, 

2005:499).  Infections of the both the upper and lower respiratory tract, soft tissue and urinary 

tract diseases, as well as bacteria residing on the skin can be treated with roxithromycin 

(Aucamp et al., 2012:467). 

Roxithromycin has antibacterial activity against gram-positive cocci such as Streptococcus 

pyogenes, Streptococcus pneumoniae, Streptococcus agalactiae and some Staphylococcus 

aureus species with the exception of Methicillin-resistant Staphylococcus aureus (MRSA), as 

well as gram-positive bacilli such as Listeria monocytogenes and Coryne bacterium species.  

Although roxithromycin exhibits the same bacterial activity as erythromycin, it is more effective 

against gram-negative bacteria such as Legionella pneumophila, as well as gram-negative cocci 

(Neisseria meningitides) and gram-negative bacilli (Bordetella pertussis and Moraxella 

catarrhalis).  It can be used to treat several atypical bacterial species such as Ureaplasma 

urealyticum, Chlamydia trachomatis, Helicobacter pylori, Gardnerella vaginalis, Haemophilus 
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ducreyi, Mycoplasma pneumonia and Propionibacterium acnes (Bryskier, 1998:1; Katz & 

Mankin, 2009:532-534; Krautheim & Gollnick, 2004:401). 

2.2.4 Adverse effects and contra-indications of roxithromycin 

Recent studies show that only 4% of patients on roxithromycin therapy will experience side 

effects associated with this macrolide antibiotic.  However, gastrointestinal symptoms are one of 

the most common side effects that have been reported during the therapy, accounting for 75 to 

80% of the cases (Markham & Faulds, 1994:317).  Gastrointestinal symptoms include: vomiting, 

nausea, diarrhoea and abdominal pain.  A small fraction of the patients will suffer some form of 

hypersensitivity reactions such as a rash, pruritus and angioedema, while other adverse effects 

may include headaches, malaise, tinnitus, dizziness, pancreatitis, and paraesthesia, taste 

and/or smell disturbances (MIMS, 2016:278).  Despite these adverse effects, roxithromycin has 

proven to be safe, the tolerance for the adverse effects appears minimal in children and geriatric 

patients, and the drug has fewer side effects that erythromycin (Markham & Faulds, 1994:317).  

Since systemic absorption after oral administration can cause side effects, the topical delivery 

route seems to be useful in administrating the drugs as there are only local effects, and the 

reduction in the occurrence of side effects in patients means an increase in patient compliance. 

Roxithromycin should be avoided or contradicted in the following conditions (MIMS, 2016:278): 

1. Macrolide sensitivity. 

2. Concurrent treatment with ergot alkaloid derivatives. 

3. Concurrent treatment with pimozide, terfenadine, astemizole and cisapride. 

4. Acutely impaired hepatic function. 

2.3 Solid-state properties of the active pharmaceutical ingredients and excipients 

Roxithromycin is considered as a promising API to be formulated in a topical preparation to treat 

a wide variety of skin disorders; however, the poor solubility value of this antibacterial agent is 

still an obstacle for formulators.  From a pharmaceutical point of view, the practical approach 

would be to structurally modify or chemically enhance the existing drug in order to manipulate 

the physicochemical properties to achieve an ideal molecule than to develop a new drug entirely 

(Biradar et al., 2006:22).  Considering, the problems associated with roxithromycin, it is crucial 

to develop a formulation with the intended purpose of increasing the low solubility value, which 

can be done by converting the crystalline solid-state form of the API to the amorphous form.  

The use of the amorphous forms resulted in an increase of the API delivered and the availability 

of the drug for topical use (Laitinen et al., 2013:65; Liebenberg & Aucamp, 2013). 
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2.3.1 Classification, structure and stability of the solid-state forms 

It is important to consider the physical and chemical properties of the API in question, since all 

pharmaceuticals used in formulations exist as solids (Buckton, 2013:132; Vippagunta et al., 

2001:4).  Solids can be classified into three groups as seen in Figure 2.2.  This is important 

information, because various compounds have the ability to exist in more than one solid-state 

form, with different properties due to variations in crystal packaging (Vippagunta et al., 2001:4).  

Compounds existing in different solid-state forms consist of the same drug molecule and can be 

grouped in one of the three existing categories, namely the crystalline form, pseudomorph 

(solvates, desolvates and hydrates) and the amorphous solid-state forms (Lee et al., 2008:580). 

 

Figure 2.2: Classification of the different solid-state forms 

A compound with such highly crystalline features has a well-defined molecular structure due to 

the molecules packed in both short-range and long-range order (Yu, 2001:30).  In comparison 

to the amorphous solid-state forms, these are not crystalline and can be positively distinguished 

from the crystalline structure due to the absence of long-range molecular packing.  These forms 

also do not present with a distinctive molecular structure (Grant, 1999:8; Yu, 2001:30).  

Figure 2.3 shows the molecular structure of the crystalline solid material (a) and the amorphous 

form of the compound (b). 

 

Figure 2.3: Schematic representation of solid-state forms with (a) crystalline solids and (b) 

amorphous forms (Adapted from Yu, 2001:30). 

Structures of the amorphous forms show an organised packing of the molecules in short-range 

order and cannot be referred to as a crystal, the correct term used to describe the structure of 

Solids 

Crystalline form Pseudomorph Amorphous form 
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the amorphous forms is non-crystalline (Yu, 2001:30).  Amorphous solids are often described as 

a liquid-like form, due to the fact that their structure is similar to that of a liquid but also exhibit 

the properties of a solid (Threlfall, 1995:2452).  The crystalline form of an API is associated with 

poor physical and chemical properties, which forces formulators to develop amorphous forms to 

overcome the limitations of this compound, whilst increasing the pharmaceutical properties 

(Threlfall, 1995:2452). 

2.3.2 Preparation of the amorphous solid-state forms 

Literature states that a number of amorphous forms can be prepared for a single compound by 

means of various techniques, resulting in the formation of more than one amorphous solid-state 

form for each API (Threlfall, 1995:2452).  The preparation of the amorphous materials proved to 

be challenging, since the possibility exists that the physicochemical properties of the solid-state 

could be changed during the preparation technique.  The meta-stable form (amorphous) could 

be altered and convert to the more crystalline stable form, leading to an unwanted 

pharmaceutical product with no therapeutic use.  Since more pharmaceutical industries tend to 

use the amorphous form during the incorporation of the API within a dosage form, attention 

should be focused towards the preparative method, characterisation and the stability of the API. 

Various methods have been experimented with in order to prepare the amorphous forms of the 

API.  These procedures can be classified into chemical and mechanical procedures (Byrn et al., 

1999:22; Cui, 2007:11; Guillory, 1999:186-226; Vippagunta et al., 2001:3-26; Willart & 

Descamps, 2008:905-908).  When considering forming an amorphous solid, the most commonly 

used technique with successful formation of the amorphous forms include the following: rapid 

cooling of the molten product, precipitation, mechanical stress and vapour condensation 

(Hancock & Zografi, 1997:1). 

Chemical procedures include the following: 

 Freeze drying (lyophilisation) 

 Spray drying 

 Precipitation of the API by changing the pH 

 Rapid solidification from the melt 

 Removal of the solvent from the solvate (desolvation) 

 Quench cooling of a glass from a liquid (melt) 

The mechanical procedures include: 

 Grinding of a crystalline solid-state form 
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 Milling 

 Compression 

 Granulation 

2.3.3 Specific properties of amorphous solids 

The amorphous solids present with the highest internal energy between the molecules, resulting 

in altered thermodynamic properties due to enhanced movement of the molecules in the lattice.  

The movement of the molecules in the structure of the amorphous solids ensures that the 

solubility of the API increases, which will lead to a higher dissolution rate (Laitinen et al., 

2013:67).  Due to the high potential energy within the structure, the amorphous forms are 

thermodynamically unstable and often lead to the spontaneous conversion of the meta-stable 

form to the more stable crystalline form of the API (Laitinen et al., 2013:67).  The enhanced 

properties gained by amorphous forms can be used in formulations where the compound 

presents with less than ideal aqueous solubility values, i.e. roxithromycin.  The altered 

properties provided by the amorphous forms are of great interest to formulators and could be 

used during the formulation of products and the delivery of compounds with less than ideal 

solubility values, i.e. roxithromycin.  The improved solubility value gained from the amorphous 

forms can potentially lead to effective topical drug delivery, if all of the properties of the 

amorphous form are considered desirable.  It is important to consider the kinetics properties of 

the solid material, since it controls the rate in which the amorphous form is converted to the 

crystalline form.  If the conversion can be delayed, as the result of slow kinetics, the amorphous 

forms are favourable to be formulated in a pharmaceutical product (Byrn et al., 1995:952; Byrn 

et al., 1999:2; Cui, 2007:11; Wu et al., 2010:4).  The higher free energy, which is associated 

with the amorphous solid-state form, has the potential for greater reactivity; however, it comes 

with a price, since it has the tendency to convert back to the thermodynamically stable form 

during handling and storage.  This conversion to the stable form is regarded as the main 

priority, since the amorphous form presented with better thermodynamic properties, thus 

enhanced bioavailability of the drug and that is the main goal (Hancock & Zografi, 1997:2). 

2.4 Topical and transdermal drug delivery 

Researchers have shown great interest in the delivery of therapeutics to the surface of the skin 

or within the various skin layers (Roberts et al., 2017:87).  Drug delivery to the skin includes: the 

transdermal and/or topical drug delivery route (Ashtikar et al., 2016:126).  The intended purpose 

of the transdermal drug delivery route is to deliver the API to the deeper skin regions, followed 

by the absorption of the drug within the systemic circulation, whilst topical delivery is designed 

to keep the API retained within a certain layer, followed by the direct application of the drug to 

the target-site (Roberts et al., 2017:87; Williams, 2013:676).  During this study, the topical 



16 
 

delivery route will be employed in the attempt to deliver the crystalline form and the amorphous 

forms of roxithromycin encapsulated in liposomal vesicles, prepared with various concentrations 

of phosphatidylcholine and cholesterol. 

2.4.1 Advantages of the topical drug delivery route 

The topical delivery route presents with several advantages in comparison to other routes of 

administration.  With the most important benefit being the avoidance of the first-pass hepatic 

metabolism facilitated by the liver (Ashtikar et al., 2016:126; Morrow et al., 2007:37; Naik et al., 

2000:319).  Furthermore, the patient is able to apply the formulation on the skin continuously 

without causing pain or discomfort, which in turn leads to increased patient compliance without 

the complications that exist with other conventional dosage forms (Washington et al., 

2001:187).  Other benefits from a pharmacokinetic point of view can include the following, the 

elimination of dose dumping, steady-state blood plasma levels, sustained drug delivery and 

reduction in the frequency of dosing, as well as the decrease in systemic toxicity (Gillet et al., 

2011:223; Jepps et al., 2013:153; Thomas & Finnin, 2004:697-698).  Importantly, the delivery of 

the pharmaceutical compound via the topical route can substantially increase the absorption, 

efficiency and the availability of the API to the site where therapeutic action is required (Jepps et 

al., 2013:153). 

2.4.2 Disadvantages of the topical drug delivery route 

Despite the number of advantages gained from the topical delivery route, the complex structure 

and barrier function of the skin attributes to low penetration and/or permeation of molecules, 

which is considered as an important challenge for formulators that cannot be overlooked (El 

Maghraby et al., 2008:204; Wang et al., 2003:1612).  The effective delivery of pharmaceutical 

entities is confronted by the natural barrier provided by the skin (Roberts et al., 2017:87; Verma 

et al., 2003:141; Wang et al., 2003:1612).  Due to this limitation, several drug molecules 

presenting with unfavourable physicochemical properties are restricted for effective topical 

delivery (Morrow et al., 2007:38). 

2.5 The human integumentary system: the skin 

2.5.1 Structure of the skin 

The internal surface of the human body is wrapped with the largest, readily accessible and self-

rejuvenating organ, i.e. the skin (Subedi et al., 2010:339).  The human skin is on average only 

0.5 mm thick, however, it is still considered as the most sophisticated organ of the human 

frame, as it covers approximately 2 m2 of the surface area of the body, contributing to 15% of 

the total body mass of an adult (Foldvari, 2000:417; Wickett & Visscher, 2006:S98).  

Considering the fact, that the body`s largest organ is the skin, it has an enormous surface area 
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for the complete absorption and distribution of the APIs, thus providing a convenient and more 

than ideal site for administration of pharmaceutical substances for topical and systemic 

therapeutic effects (Benson & Watkinson, 2012:3; Naik et al., 2000:319; Williams, 2003:1). 

2.5.2 Function of the skin 

Human skin forms a distinctive interface between the human host and the external environment.  

The main function of the skin is to provide a strong barrier between the internal physiological 

(biological) environment and the external non-physiological conditions (Benson & Watkinson, 

2012:3; Ng & Lau, 2015:4).  This natural barrier provides protection against the permeation of 

environmental dangers, such as exogenous chemicals, allergens, microorganisms, as well as 

ultraviolet radiation (Brown et al., 2006:175; Escobar-Chávez et al., 2012:206; Menon, 2002:4). 

Besides acting as a protective layer against physical and chemical assailants, the skin has the 

ability to perform several other functions with regard to the body including: 

 Maintaining the homeostatic balance of the body (Benson & Watkinson, 2012:3). 

 Regulation of the body temperature and blood pressure (Benson & Watkinson, 2012:3; 

Escobar-Chávez et al., 2012:206; Menon, 2002:4). 

 Restricting excessive water loss and nutrients to the external environment (Benson & 

Watkinson, 2012:3; Brown et al., 2006:175; Wickett & Visscher, 2006:S98). 

 Functioning as an immune-competent organ, the immunological cells within the skin 

triggers immune responses with the invasion of pathogens (Ng & Lau, 2015:4). 

 Acting as an important sensory organ, sending stimulations in the form of temperature, 

pressure and pain (Benson & Watkinson, 2012:3; Escobar-Chávez et al., 2012:206). 

 Plays an important role in the production of vitamin D (Menon, 2002:4). 

 The acidic nature of the surface of the skin provides a chemical barrier, resulting in the 

prevention of infections (Ng & Lau, 2015:4). 

2.5.3 Anatomy of the skin 

Microscopic evaluations of the skin revealed the multi-layered structure of the organ, consisting 

of three primary layers, namely the underlying fatty layer (hypodermis), the epidermis and the 

uppermost superficial layer the stratum corneum (El Maghraby et al., 2008:204; Jain et al., 

2016:2).  Each of the layers consist of different cell types, resulting in skin layers that are unique 

in structure, composition and function (Ng & Lau, 2015:4; Kolarsick et al., 2011:203).  Although, 

the main barrier of the skin is provided by the stratum corneum, the consecutive layers present 

with their own unique challenges, which could possibly limit the permeation of the API 
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molecules across the skin (Vitorino et al., 2015:2; Williams, 2013:677).  For this reason, a basic 

understanding of the structure and function of each layer is fundamental as they contribute to 

the permeation process of drug molecules applied to the skin (Benson & Watkinson, 2013:3; 

Kute & Saudagar, 2013:272).  A simplified diagrammatic representation of the anatomy of the 

skin and its layers are displayed in Figure 2.4. 

 

Figure 2.4: Anatomy of the skin adapted from (El Maghraby et al., 2008:205). 

2.5.3.1 Epidermis 

The epidermal layer can further be divided into two distinctive regions, the non-viable epidermis 

also referred to as the stratum corneum layer and the viable epidermal layer (Abraham et al., 

1995:8; Jain et al., 2016:2). 

2.5.3.1.1 Non-viable epidermis as a natural barrier 

The stratum corneum, also described as the superficial outmost layer of the human skin and the 

structure is comprised of 10 to 15 layers of densely packed corneocytes, covering the epidermis 

with a thickness of approximately 10 to 20 µm (Escobar- Chávez et al., 2012:202).  Due to the 

various lipids embedded in the structure, the stratum corneum provides a resilient barrier, thus 

limiting drug penetration and permeation through the skin and its various layers (Vitorino et al., 

2015:2; Williams, 2013:678). 

Corneocytes are non-dividing cells, i.e. dead keratinocytes derived from terminally differentiated 

keratinocytes, which migrated from the inner epidermal layer to the surface of the skin (Ng & 

Lau, 2015:4).  Keratinocytes lack biological components (cytoplasmic organelles and nuclei); 

however it is richly supplied with keratin filaments which are dispersed in a lipid extracellular 

matrix.  The organisation of the structure of the stratum corneum layer is often described by the 
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“brick and mortar” model, where the “bricks” are compared to the flattened corneocytes, whilst 

the lipid bilayers which is formed by the lipids in the stratum corneum representing the “mortar” 

(Menon et al., 2012:4; Ng & Lau, 2015:4; Verma et al., 2003:145; Williams, 2013:678). 

Diffusion through the stratum corneum layer is considered as one of the primary pathways for 

APIs to permeate through the skin, however the structure and barrier properties of this relatively 

thin layer has been the focal point for researchers to explain the barrier function of this layer 

with regards to the skin (Ng & Lau, 2015:4; Naik et al., 2000:318).  The skin has become the 

most researched human organ for drug delivery and emphasis have been placed on explaining 

the role of the lipids within the stratum corneum, since the various lipids embedded into the 

extracellular matrix could possibly attribute to natural barrier of the skin (Ng & Lau, 2015:4).  

The lipid-enriched bilayers of the stratum corneum layer, in which many keratin filled cells are 

embedded, appear to be different to other lipid bilayers found within the human body, since it 

comprises ceramides, fatty acids, triglycerides and cholesterol/cholesterol sulphate, while 

phospholipids are largely absent (Ng & Lau, 2015:5; Williams, 2013:678).  From the latter of the 

stratum corneum lipids, the ceramides account for 50% of the composition, and it became 

evident that these lipids are the most significant component in the stratum corneum structure 

(Morrow, 2007:37; Ng & Lau, 2015:5).  The ceramides exhibit an important role in this layer due 

to their structure, with each molecule consisting of a sphingoid moiety containing a polar head 

group and a hydrocarbon chain, as well as an added hydrocarbon chain derived from a fatty 

acid moiety.  Unsaturated fatty acids, which are regarded as an important component, play an 

essential role in the organisation of the structure and barrier of the skin (Gaur et al., 2014:1812; 

Ng & Lau, 2015:5). 

Due to the large amounts of lipids found within this layer, the stratum corneum presents with the 

highest hydrophobic properties, with much lower water permeability than other biological lipid 

membranes found within the body (Suhonen et al., 1999:150).  It is evident that the stratum 

corneum is permeable to APIs with certain physicochemical properties, only allowing molecules 

with a lipophilic nature as well as components with a low molecular weight to penetrate and 

permeate through, whilst restricting hydrophilic and polar molecules from passing through the 

skin (Naik et al., 2000:319; Venus et al., 2010).  In order to deliver API molecules effectively to 

the surface of deeper layers of the skin, formulators should provide strategies to limit and 

potentially overcome the skins barrier function. 

2.5.3.1.2 Viable epidermis 

The viable epidermis is situated between the natural barrier of the skin (stratum corneum) and 

the dermis (Kute & Saudagar, 2013:272; Lai-Cheong, 2009:223).  This layer is described as the 

hydrophilic region of the skin, due to the small lipid portion and high water content of more than 
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90% (Kute & Saudagar, 2013:272; Jepps et al., 2013:155).  According to Kute and Saudagar 

(2013:272), the epidermis is a thin layer with a thickness ranging between 50 and 100 µm, 

which can further be divided into four layers described from the deepest to the more superficial 

layer which includes: the basal layer (stratum germinativum), the squamous layer (stratum 

spinosum) and the granular cell layer (stratum granulosum).  The stratum lucidum is considered 

as the fourth main layer of the epidermis, however due to the organisation of this layer it is 

known as the lowest and deepest layer of the stratum corneum (Abraham et al., 1995:8; Brown 

et al., 2005:175; Flynn, 2002:191; Kolarsick et al., 2011:203). 

A number of cell populations are widely distributed within the epidermis and each layer is known 

to represent the different progressive stages of the epidermal cells as they migrate upwards to 

the surface of the skin (Brown et al., 2005:175; Kolarsick et al., 2011:203).  These cells include 

the following: melanocytes which are the pigment producing cells, Langerhans cells which are 

primarily responsible for immunological responses, Merkel cells contributing to the touch 

sensation as well as sensing sensations, and keratinocyte cell types comprising the majority of 

the skin cells with regards to the resulting cells in this layer (Kolarsick et al., 2011:203; Ng & 

Lau, 2015:7; Venus et al., 2011:471; Wickett & Visscher, 2005:S98). 

The viable epidermis can be described as an avascular environment, because it is devoid of 

blood capillaries (Ng & Lau, 2015:7; Jepps et al., 2013:155).  The highly perfused dermis layer 

is the only source of the epidermis to obtain nutrients and to flush away toxins within this layer 

(Potts et al., 1992:14).  The main function of the epidermal layer is to form the stratum corneum 

continuously through proliferation and differentiation process of the keratinocytes (Brown et al., 

2005:175; Williams, 2003:1). 

2.5.3.2 Dermis 

The dermis is externally bound by its junction with the viable epidermis and internally connected 

to the subcutaneous fatty layer (Venus et al., 2011:471).  The dermis forms the principal 

element of the skin, as this layer is constructed of connective tissue, which provides flexibility, 

elasticity and tensile strength to the structure of the skin, due to the presence of structural 

components such as collagen and elastin fibres (Kolarsick et al., 2011:210; Ng & Lau, 2015:7).  

Under the protection of the epidermal barrier, this dermal skin layer houses skin appendages 

which includes the following: sweat glands, pilosebaceous glands, sensory nerve endings, 

lymphatic vessels, hair follicles and blood capillaries.  The several blood vessels in the dermal 

layer is responsible for the delivery of oxygen, nutrients and to remove harmful toxins from the 

avascular epidermis, since this layer is not richly supplied with blood capillaries (Jepps et al., 

2013:677; Ng & Lau, 2015:7). 
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2.5.3.3 Hypodermis 

Situated beneath the dermis is the subcutaneous fatty layer, also referred to as the hypodermal 

skin layer (Geethu et al., 2014:1811; Escobar-Chávez et al., 2012:205; Ng & Lau, 2015:7; 

Williams, 2013:677).  This fatty layer forms a network of fat cells, i.e. adipocytes, arranged in 

small lobules that are connected to the dermis by interconnecting collagen and elastin fibres 

(Escobar-Chávez et al., 2012:205; Franz & Lehman, 2000:16).  The primary function of this 

layer is to protect the body from mechanical shock, to insulate the body from thermal changes, 

as well as anchoring the skin to the underlying muscle while carrying the vascular and neural 

systems within this skin layer (Escobar-Chávez, 2012:205; Williams, 2013:677). 

2.6 Topical delivery of drugs through the skin 

As stated previously, the stratum corneum is selectively permeable to certain APIs to penetrate 

into and permeate through the skin, which proves to be problematic for a variety of drug entities 

concerning the successful transport through the skin layers (Brown et al., 2005:175; Elsayed et 

al., 2007:1; Jain et al., 2016:2; Pouillot, 2008:145; Williams, 2013:679.  It is necessary to gain 

insight into the mechanisms in which the compound is more likely to penetrate and permeate 

through the skin, as this information reveals the properties the APIs need to adhere to in order 

to achieve effective transport of the drugs to the intended target-site. 

2.6.1 Mechanism of skin penetration and permeation 

The process of drug delivery from a transdermal point of view is regarded as the passage of a 

drug molecule through the consecutive skin layers, whilst topical delivery focuses on delivering 

the pharmaceutical compound directly to the target-site (Vitorino et al., 2015:5; Williams, 

2013:679).  From the moment the drug molecule is applied to the skin it has to follow a very 

complex pathway to reach the ideal target-site, depending on the region of the skin where 

therapeutic effects are required (Wiechers, 2008:7). 

The API molecule within a drug delivery vehicle must be able to diffuse from the carrier system 

and migrate upwards to reach the surface of the skin (Nair et al., 2013:424; Vitorino et al., 

2015:5).  Thereafter, the drug molecule should follow several penetration processes through the 

lipophilic stratum corneum, as well as permeation mechanisms to reach the aqueous epidermal 

layer in order for the API to reach the systemic circulation (Nair et al., 2013:424; Vitorino et al., 

2015:5; Wiechers, 2008:7). 

Currently, three possible routes exist in which the API molecule facilitates penetration, as well 

as permeation to reach the site of action: (1) intercellular diffusion across the lipid lamellae, (2) 

transcellular diffusion through the corneocytes and (3) diffusion through the skin appendages, 
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which include hair follicles and sweat glands (Pugh et al., 1998:246).  These routes of 

penetration and permeation employed by the compounds are illustrated in Figure 2.5. 

 

Figure 2.5: Mechanism of skin penetration and permeation (adapted from Vitorino et al., 

2015). 

2.6.1.1 Transepidermal route 

The transepidermal route provides the API molecule with a potential pathway to penetrate into 

as well as permeate through the unbroken, intact stratum corneum (El Maghraby et al., 

2008:205).  This route can be divided into the intercellular (paracellular) and intracellular 

(transcellular) path (Jain et al., 2016:4). 

2.6.1.1.1 Intercellular route (Paracellular) 

The intercellular route was originally rejected as a skin permeation mechanism, due to the small 

surface area within the skin (El Maghraby, 2008:204; Jain et al., 2016:4).  However, later 

discoveries proved the volume fraction of the intercellular route was much larger than what was 

originally anticipated (Jain et al., 2016:4).  The intercellular process involves the diffusion of the 

API molecule through the intercellular lipid domains provided by the corneocytes within the 

stratum corneum with the intention of reaching the underlying viable epidermis and dermis (Jain 

et al., 2016:4).  The compounds have to penetrate the lipophilic stratum corneum layer, as well 

as the hydrophilic components of the underlying layers to reach the ideal target-site (Potts et al., 

1992:22). 

2.6.1.1.2 Intracellular route (Transcellular) 

The transcellular pathway navigates the compound directly through the dead corneocytes in the 

stratum corneum, thus passing though the intercellular lipids when crossing though the skin 

layers (Jain et al., 2016:4).  The API molecules permeating via 
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 the intracellular route utilise the imperfections within the corneocytes, thus creating channels 

filled with water for penetration and permeation to occur (Jain et al., 2016:4).  The hydrophilic 

environment formed by the dead cells, i.e. corneocytes, makes this route ideal for the 

permeation of highly hydrophilic pharmaceutical drugs (Jain et al., 2016:4).  Furthermore, the 

API has to partition and permeate though several corneocytes and into and across the 

intercellular lipids, making this diffusion pathway more tortuous, due to the resistance 

encountered from the lipophilic nature of each cell (Jain et al., 2016:4).  Consequently, very few 

drug entities possess the ideal physicochemical characteristics to permeate the skin layers via 

this route (Barliya, 2013:3). 

2.6.1.1.3 Transappendageal route 

This skin permeation route is composed of various skin appendages that form a continuous 

channel directly through the stratum corneum, providing a pathway for API molecules to bypass 

the stratum corneum barrier with direct contact with the microcirculation of the skin (Choi & 

Maibach, 2005:210; Morrow, 2007:38). 

The hair follicles reach deep into the dermal layer, providing an increased surface area 

available for effective penetration of APIs (Jain et al., 2016:4).  Corneocytes found in the 

stratum corneum are less permeable than the cells found in the sebaceous glands; hence the 

API is able reach the dermis by entering the follicle and passing through the sebaceous gland 

(Choi & Maibach, 2005:210).  Despite the fact that the available surface area for the drugs to 

permeate through the follicular route is assumed to be of limited use, due to appendages 

consuming only 0.1% of the skin surface area, this route showed promising results as an active 

permeation pathway (Morrow, 2007:38). 

The lipophilic sebum within the hair follicles provides an active passage for highly lipophilic APIs 

to diffuse with ease, whilst restricting the absorption of a number of hydrophilic molecules (Choi 

& Maibach, 2005:210).  For this reason alone, this route contributes significantly to the steady-

state flux of the molecules and is of worth for large polar substances and ions that withstands 

penetration through the stratum corneum layer (Morrow et al., 2007:38). 

2.7 Mathematic model of skin permeation 

Mathematical principles and equations can be utilised to form a better understanding regarding 

the permeation process of an API molecule through membranes, including the skin (Mitragotri et 

al., 2011:115; Williams, 2013:680).  These principles are relevant to the field of topical delivery 

of drugs and can assist in the design and formulation of APIs applied to the skin (Mitragotri et 

al., 2011:115). 
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2.7.1 Fick’s first law of diffusion 

Passive diffusion can be used to describe the permeation process of an API molecule through 

the various skin layers (Surber & Smith, 2000:23).  The drug molecules spontaneously diffuse 

from the surface of the stratum corneum, a region with a high concentration to the underlying 

epidermis and dermis to an area with a low drug concentration (Surber & Smith, 2000:23; 

Mitragotri et al., 2011:115).  Fick’s first diffusion law explains the transport process of the API 

molecule through the skin layers under steady-state conditions (Dancik et al., 2008:182). 

 Equation 2.1 

In Equation 2.1, J can be described as the average flux of an API molecule through the skin 

(µg/cm2.h), K is associated with the partition coefficient within the skin, D represents the 

diffusion coefficient of the substance (cm2.h), ∆c can be viewed as the concentration difference 

(µg/cm3) and h the diffusion pathway (cm) or the thickness of the membrane which the drugs 

need to pass through (Surber & Smith, 2000:24; Williams, 2003:47). 

2.8 Physicochemical properties influencing topical drug delivery 

It is a renowned fact that the skin is a complex and multi-layered organ consisting of a number 

of hydrophobic and hydrophilic regions displayed within the various layers, which act as barriers 

to restrict absorption and permeation of API molecules (Williams, 2013:680).  Research stated 

that the drug flux through the skin is directly proportional to the physicochemical properties of an 

active substance (Williams, 2013:680).  An API presenting with ideal physicochemical features 

has the ability to permeate successfully through the skin to reach the target-site, whilst the APIs 

with limited physicochemical properties will reside at the skin surface after the application of the 

API topically (Williams, 2013:680). 

Some of the properties that require careful consideration when formulating a product intended 

for topical delivery include: the solubility of the API in the lipid and aqueous regions of the skin, 

the partition coefficient (log P) when the drug partitions into and out of the stratum corneum, the 

speed at which the API enters the different layers of the skin, the molecular size, melting point 

and the ionisation state of the substance transported though the layers (Williams, 2013:682). 

2.8.1 Solubility 

The solubility profile of an API molecule is a critical factor to investigate to determine the release 

of an API encapsulated in a topical drug delivery vehicle.  Active compounds that possess 

sufficient solubility values in both the aqueous and lipid phase are regarded as suitable 

candidates for successful topical and transdermal absorption (Jhawat et al., 2013:49; Naik et 

al., 2000:319).  The skin is comprised of several structural lipid bilayers.  In order to permeate to 
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the various skin layers where therapeutic action is required, the API molecules should present 

with an adequate degree of solubility within the stratum corneum lipids to be absorbed in the 

skin, including hydrophilic properties to diffuse through the underlying aqueous regions of the 

epidermis, as well as the dermis and hypodermis (Jhawat et al., 2013:49). 

However, if the API molecule has an absolute hydrophilic nature, the substance will be unable 

to penetrate into the stratum corneum, while molecules having highly lipophilic properties will 

tend to remain on the surface of the stratum corneum (Naik et al., 2000:319).  The ideal 

aqueous solubility value of an API must be greater than or close to 1 mg/ml to deliver a 

molecule to the intended site of action successfully, whilst achieving optimal bioavailability 

within the skin during the delivery of a drug via the topical delivery route (Naik et al., 2000:319). 

Roxithromycin monohydrate has an experimental equilibrium aqueous solubility value of 

0.0335 mg/ml in an aqueous medium at a temperature of 25 °C, which is considered much 

lower than the ideal solubility value determined for a drug to be delivered topically (Aucamp et 

al., 2013:26; Csongradi et al., 2017:96).  It has been postulated in the literature that the different 

solid-state forms in which a drug exists, has a significant influence on the solubility profile 

thereof, due to higher or lower available free energy between the molecules (Aucamp et al., 

2012:467; Aucamp et al., 2013:18; Chieng et al., 2011:618).  The amorphous solid-state forms 

of an API are the highest free available energy state, thus presenting with a possible strategy to 

overcome the solubility challenges associated with the crystalline form of roxithromycin 

(Aucamp et al., 2012:467; Craig et al., 1999:179).  According to Liebenberg et al. (2013:1), the 

preparation of the amorphous forms of roxithromycin could increase the solubility of the API; 

hence, this may lead to successful topical skin transport. 

2.8.2 Partition coefficient 

The partition coefficient can be described as the redistribution of drug molecules between two 

phases, i.e. a hydrophilic and lipophilic phase (Williams, 2013:676).  This is an indication of the 

lipophilicity of a drug molecule and is used as a guide to prove how well the API molecule will 

be transported through the highly lipophilic stratum corneum layer and the underlying epidermal 

and dermal layers of the skin (Williams, 2013:676).  A non-aqueous organic solvent, octanol, is 

commonly used as the lipophilic phase to determine the log P value of the API.  The properties 

of octanol are thought to resemble those of lipid bilayer membranes.  It has been suggested that 

distribution of API molecules into octanol indicates their ability to diffuse across the stratum 

corneum lipid barrier in transdermal delivery (Williams, 2013:676). 

For optimum permeation of the API to take occur, the drug molecule has to exhibit a log P value 

ranging between 1 and 3; this provides an indication that it has dissolved in the lipid as well as 

the aqueous phase (Bharate et al., 2016:461; Williams, 2003:36).  A log P value lower than 1 
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shows that the API is highly hydrophilic in nature and will not be able to penetrate the stratum 

corneum lipids, while molecules with a log P value greater or close to 3 will reside in the stratum 

corneum layer (Csongradi, 2015:46).  Poor transport characteristics can be expected from 

molecules with a log P value less than 1 and greater than 6 (Bharate et al., 2016:461).  

Roxithromycin presents with a log P value of 2.9, whilst experiments recorded a log P value of 

1.7 (Drugbank, 2017).  Roxithromycin has the ability to penetrate and permeate the stratum 

corneum layers, as well as the innermost layers of the skin. 

2.8.3 Diffusion coefficient (D) 

Diffusion coefficient (D) is measured in units of area or time, usually cm2/h or cm2/s.  The 

parameter is included in Fick’s law of diffusion, where the assumption is made to create a linear 

concentration gradient of the therapeutic agent in the stratum corneum (Rieger, 1993:38).  The 

aforementioned is used to measure the ease with which a specific molecule is able to diffuse 

through the vehicle and into the skin (Smith & Surber, 2000:29; Williams, 2003:27).  The 

diffusion coefficient of a drug in a topical vehicle from where diffusion takes place into the skin, 

at a constant temperature depends on the properties of the diffusion medium, the drug and the 

interaction between them (Barry, 2002:512). 

2.8.4 pH, pKa and ionisation 

The release of the API molecule on the surface of the skin is highly influenced by the pH of the 

formulation applied to the skin (Nair et al., 2013:425).  Application of a formulation with a high or 

very low pH value can harm the skin and consequently influence the permeability (Naik et al., 

2000:319; Nair et al., 2013:425).  A moderate pH value of 5 to 9 could be more appropriate for 

topical delivery (Naik et al., 2000:319; Nair et al., 2013:425).  Most of the drugs are weak acids 

or bases, depending on the pKa and pKb value of the API molecule, the pH can therefore 

influence the dissociation rates (Barry, 2002:511).  The pH and ionisation of the API molecule 

can influence the effective membrane gradient across the skin (Barry, 2002:511). 

The level of ionisation of drug molecule is an important parameter when considering the barrier 

function of the skin provided by the lipophilic regions within the stratum corneum (N’Da, 

2014:19; Williams, 2003:38).  It is widely believed that APIs in their unionised form are ideal 

candidates for transdermal, as well as topical delivery, resulting in effective permeation and 

diffusion through the skin layers (Williams, 2003:38).  According to the pH-partition coefficient, it 

is concluded that the unionised form of a weak acidic or basic drug (i.e. lipid soluble) will easily 

permeate the lipophilic bilayers of the stratum corneum, while the ionised form (poorly lipid 

soluble) limited to no degree of penetration into the stratum corneum layer (Williams, 2003:38).  

Roxithromycin presents with a pKa of 9.08 (Drugbank, 2017). 
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An altered form of the Henderson-Hasselbalch equation (Equations 2.2 and 2.3) can be used to 

determine the degree of ionisation of the API. 

%ionised = 100/1 + antilog (pKa – pH) Equation 2.2 

%unionised = 100 – %ionised Equation 2.3 

For the purpose of this study, the %ionisation of roxithromycin was calculated as 97.95% in its 

ionised form at the chosen pH of 7.4.  This could conclude that diffusivity through the skin could 

be limited when applied topically.  Incorporation of roxithromycin within a vesicle system is 

hoped to overcome the problem of low diffusivity. 

2.8.5 Molecular mass 

Extensive research has been done to prove that the molecular weight of the API has an effect 

on the permeation through the human skin and to exclude large molecules from transdermal 

drug delivery (Williams, 2003:36).  It is suggested that an inverse relationship exists between 

the weight of the molecule and the diffusivity of the permeant through skin (William, 2003:36).  It 

became evident that small molecules have the ability to diffuse rapidly and with ease, whilst 

larger molecules will diffuse through the skin with less efficiency at a slower rate (Csongradi, 

2015:46; Hadgraft, 2004:292; Williams, 2003:36).  The molecular weight of roxithromycin is 

837.05 g/mol (O’Neil, 2001:1486), which is larger than that of the optimal molecular weight of 

500 g/mol.  The larger molecular weight could possibly limit topical and/ or transdermal delivery 

of the drug (Csongradi, 2015:46). 

After the administration of the topical formulation to the skin, the absorbed API molecule can 

penetrate and/or permeate the skin by means of the transepidermal and transfollicular route.  

The average diameter of the API molecule predicts the penetration pathway of the skin.  Thus, 

molecules larger or close to 10 µm, will tend to reside on the skin surface, whilst particles in the 

size range of 3 -10 µm will successfully penetrate the skin through the follicular pathway.  

Smaller molecules with an average diameter of less than 3 µm will be distributed between the 

stratum corneum layer and various hair follicles (Allec et al., 1997).  During this study, 

roxithromycin and its amorphous forms will be encapsulated into a suitable vesicle system.  

Vesicle systems with a particle size range of 10 to 1 000 nm have the ability to penetrate the 

stratum corneum, ensuring enhanced topical drug delivery. 

2.8.6 Drug concentration 

The diffusion rate of an API molecule through the skin can be described using Fick’s first law of 

diffusion (Idson, 1975:912).  The law states that the concentration gradient (the force that drives 

the API molecule from a high concentration to a low concentration) is directly proportional to the 
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concentration of the drug within the vesicle.  A steep concentration gradient is the result of a 

greater concentration of the drug on the stratum corneum surface (Lund, 1994:232; Barry, 

2002:512; Barry, 2007:577).  To achieve maximum flux, the donor solution should be fully 

saturated in a thermodynamic stable situation (Barry, 2007:577). 

2.8.7 Melting point 

In general, an organic compound presenting with a relatively high melting point will tend to have 

a lower aqueous solubility value, due to the inability of solvents to successfully enter the 

structure of the crystalline solid to dissolve the molecules (N’Da, 2014:19).  The melting point of 

the molecule is indirectly proportional to the solubility value of the API (N’Da, 2014:19).  An API 

molecule with a low melting point has the ability to enter the skin layers with less effort, resulting 

in increased solubility in the stratum corneum layer and penetration across the full-thickness of 

the skin (Barry, 2002:513; Benson, 2005:26; N’Da, 2014:19).  In contrast, molecules with a 

higher melting point tend to enter the stratum corneum with greater effort, due to poor solubility 

within the different layers of the skin (Barry, 2002:513; Benson, 2005:26).  The ideal melting 

point for an API molecule to penetrate the skin is less than 200° C (Naik et al., 2000:319).  

Roxithromycin has a recorded melting point of 116 – 122 C, making roxithromycin an ideal 

candidate for penetration of the API through the skin (Santa Cruz Biotechnology, 2007). 

2.9 Carrier systems 

A large amount of the active pharmaceutical compounds that are currently available, present 

with poor absorption and penetration capacity into human skin (Planz et al., 2016:90).  Thus, 

enormous effort has been made to develop and manufacture delivery systems to overcome the 

natural barrier function related to the skin, with particular emphasis on increasing the 

therapeutic activity of newly discovered or existing drugs (Bansal et al., 2012:704; Costa & 

Santos, 2017:405; Mota et al., 2017:8; Planz et al., 2016:90). 

Recently, lipid-based carrier systems have attracted the attention of various researchers, as it 

became apparent that these lipid carriers appeared to be the preferred drug delivery systems 

for topical delivery of APIs, due to their ability to improve the efficiency of the drug as well as 

promoting controlled and targeted delivery of medications, especially those presenting with poor 

solubility values (Bansal et al., 2012:704; Planz et al., 2016:90; Zhai & Zhai, 2014:91). 

The most frequently used drug delivery systems are vesicles (Honeywell-Nguyen & Bouwstra, 

2005:67).  Vesicles are water-filled colloidal particles of well-ordered assemblies of a single 

bilayer or multiple phospholipid bilayers, which spontaneously form due to the unfavourable 

interactions between the amphiphilic lipid components and water molecules (Bansal et al., 

2012:704; Honeywell-Nguyen & Bouwstra, 2005:67; Kumar & Rajeshwarrao, 2011:209).  Lipid 
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vesicles can be prepared with an assorted range of amphiphilic components and utilised with 

the main purpose of preventing the loss and degradation of the API, minimising toxic-side 

effects and most importantly increasing the bioavailability of the API at the target area where 

therapeutic effects are required.  Due to the amphiphilic nature of the lipid vehicle, both 

hydrophobic as well as lipophilic drugs can be incorporated into various regions within the 

carrier systems (Bansal et al., 2012:704-705). 

Vesicle systems present with the following functions to ensure delivery of the API to the skin: 

1. Serving as a drug carrier to deliver APIs through the intact and unbroken skin. 

2. Act as a penetration enhancer that could possibly disrupt the various intercellular lipids 

embedded within the stratum corneum structure. 

3. Serve as a depot for slow delivery and sustained and controlled release of APIs. 

4. Act as the rate-limiting barrier to prevent systemic penetration and absorption of the 

APIs. 

5. Providing a delivery system for prolonged release of the drug molecules to the target 

area (Alexander et al., 2012:33; Honeywell-Nguyen & Bouwstra, 2005:68). 

Despite the numerous advantages gained from using drug delivery vesicles to transport various 

APIs to the skin, it still presents with an important limitation regarding their instability, leading to 

a possible obstacle in their use as a carrier system (Bansal et al., 2012:705). 

2.10 Liposomes 

The word liposome originated from “lipos,” describing lipids and “soma” signifying the body of 

the vesicle (Dua et al., 2012:14).  These words describe the basic structure of a lipid vesicle, as 

a microscopic vesicle, which consists of an external phospholipid membrane organised in one 

or more phospholipid bilayers, surrounding an aqueous core (Ashtikar et al., 2016:126; Jadhav. 

& Patil, 2014:8). 

Liposomes are considered as an established and universal carrier system for both hydrophilic 

and lipophilic compounds, as well as a wide diversity of molecules with characteristic 

physicochemical properties, i.e. polarity, size and charge (Bansal et al., 2012:705; Drulis-Kawa 

& Dorotkiewicz-Jach, 2010:188; Escobar-Chàvez et al., 2012:212; Pierre & Costa, 2011:1). 

2.10.1 Structure of the liposome vesicle 

The formation of a physical and chemical stable lipid bilayer within the liposome structure is due 

to the amphiphilic nature of the phospholipids, which consist of a hydrophilic or polar region, 

which attract water molecules to the head group of the hydrocarbon chain and a non-polar or 
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lipophilic tail group displaying water-repelling properties (Pierre & Costa, 2011:1).  The structure 

of liposomes is displayed in Figure 2.6. 

 

Figure 2.6: Structure of liposomes 

The lipophilic domain presents as an ideal location for the inclusion of highly lipid soluble APIs 

and the hydrophilic environment in the core, or between the bilayer membranes, capable of 

accommodating hydrophilic elements that dissolve in the aqueous core (Akbarzadeh et al., 

2013:1; Kumar & Rajeshwarrao, 2011:209; Zishan et al., 2017:549). 

2.10.2 Classification of liposomes 

Liposomes can be prepared with different structural shapes and sizes with the characteristics of 

each vesicle being highly dependent on the method of preparation, lipid composition, as well as 

the proportion of the phospholipids within the formulation (Drulis-Kawa & Dorotkiewicz-Jach, 

2010:188; Varun et al., 2012:635; Zhai & Zhai, 2014:91).  Different liposomes and the size 

range of the vesicle systems are listed in Table 2.2. 

Table 2.2: Classification of liposomes 

Liposomes Size range 

Unilamellar vesicles (ULV) 100.0 – 500.0 nma 

Small unilamellar vesicles (SUV) 20.0 – 100.0 nma,b,c,d 

Medium unilamellar vesicles (MUV) 20.0 – 500.0 nma 

Large unilamellar vesicles (LUV) > 100.0 nmb,c 

Giant unilamellar vesicles (GUV) > 1 000.0 nma,c,d 

Multilamellar vesicles (MLV) 500.0 – 5 000.0 nma,c 

Oligolamellar vesicles (OLV) 0.1 – 1.0 µma,c 

Multivesicular vesicles (MVV) > 1.0 µmc 

a) Mota et al., 2017:8; b) Costa & Santos, 2017:405; c) Joshi & Patel, 2015:6; d) Laouini et al., 2012:149. 

There are three principal categories in which liposomes can be divided, i.e. unilamellar vesicles 

(ULV), multilamellar vesicles (MLV) and multivesicular vesicles (MVV).  Unilamellar vesicles are 
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vesicles with a single phosphatidylcholine bilayer enclosing the aqueous environment 

(Akbarzadeh et al., 2013:3; Maherani et al., 2011:436), multilamellar vesicles have a 

multilamellar structure consisting of concentric phospholipid spheres separated by water 

(Akbarzadeh et al., 2013:3; Maherani et al., 2011:436), while multivesicular vesicles consist of 

several non-concentric vesicles encapsulated into a single bilayer (Maherani et al., 2011:436). 

Liposomes can be classified by vesicle size, number of lamellae and the method used during 

the preparation of the liposomes (Deepthi & Kavitha, 2014:47; Maherani et al., 2011:436).  Two 

principal classes of liposomes exist, i.e. unilamellar vesicles (ULV) and multilamellar vesicles 

(MLV). 

2.10.3 Preparation methods of liposomes 

Three different methods can be used to prepare liposomes: mechanical methods, solvent 

dispersion methods and detergent removal methods (Akbarzadeh et al., 2013:3; Dua et al., 

2012:15; Joshi & Patel, 2015:6).  During this study, two mechanical methods were used for the 

preparation of the liposomes namely, the lipid film hydration method and the sonification 

technique, which will be discussed in more detail in Sections 2.10.3.1 and 2.10.3.2. 

Mechanical methods comprise of the following: 

 Lipid film hydration method 

 Micro-emulsification 

 Sonification 

 French pressure cell 

 Membrane extrusion 

 Dried reconstructed vesicles 

 Freeze-thawed liposomes 

Solvent dispersion consists of the following: 

 Ethanol injection 

 Ether injection 

 Double emulsion method 

 Reverse-phase evaporation 

 Stable plurilamellar vesicles 

Detergent removal includes the following: 
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 Detergent removal from mixed micelles 

 Dialysis 

 Dilution 

 Column chromatography 

 Reconstructed sendai virus envelopes 

2.10.3.1 Thin-film hydration method/hand shaking methods 

The thin-film hydration method, more commonly known as the Bangham method, is one of the 

original methods employed to prepare liposomal vesicle systems successfully (Maherani et al., 

2011:440).  The first step in the process is to dissolve the lipids in a suitable organic solvent, 

followed by the removal of the solvent from the latter using evaporation techniques to form a 

thin film.  The process is very expensive and time consuming.  After the formation of the thin, 

lipid film it is hydrated with an aqueous medium.  Agitation is used to separate the swelling of 

lamellae from the vesicle surface and form a seal spherical structure (Maherani et al., 2011:440; 

Rani, 2013:9). 

2.10.3.2 Sonification 

Sonification is a process where the particles are broken up into smaller particles with sound 

waves.  This technique is temperature controlled.  Due to high-energy input, an ice bath is 

required.  This method makes uses of a sonicator probe and the tip is placed directly into the 

liposome dispersion, whilst applying a high-energy input to create smaller particles (Akbarzadeh 

et al., 2013:3). 

2.10.4 Advantages of liposomes 

Advantages of liposomes include the following (Deepthi & Kavitha, 2014:48; Jain et al., 2014:2): 

 An appropriate carrier system for both hydrophilic and lipophilic drugs. 

 Effective in protecting the drug from external metabolism. 

 Excipients used in a typical liposome formulation are non-toxic. 

 Reduce exposure of toxic drugs and metabolites to skin tissue. 

 Suited for delivery of large and/or small drug molecules. 

 Delivers the drug to specific target-site. 

 Biocompatible and biodegradable. 
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2.10.5 Disadvantages of liposomes 

Disadvantages of liposomes include the following: 

 Low stability of the vesicle (Deepthi & Kavitha, 2011:48; Jain et al., 2014:2). 

 Phospholipids are unstable and tend to undergo oxidation and hydrolysis-like reactions 

in the presence of light and water (Akbarzadeh et al., 2013:2; Sharma et al., 2018:51). 

 Low solubility and encapsulation of highly hydrophilic drugs (Akbarzadeh et al., 2013:2; 

Deepthi & Kavitha, 2011:48; Jain et al., 2014:2). 

 Short half-life (Sharma et al., 2018:51). 

 Production costs are high (Akbarzadeh et al., 2013:2; Sharma et al., 2018:51). 

 Premature drug release (Akbarzadeh et al., 2013:2; Deepthi & Kavitha, 2011:48; Jain et 

al., 2014:2). 

 Leakage and fusion of encapsulated drugs due to porous nature (Akbarzadeh et al., 

2013:2; Deepthi & Kavitha, 2011:48; Jain et al., 2014:2). 

 Fewer stables batch-to-batch variations (Akbarzadeh et al., 2013:2). 

2.10.6 Skin liposomes interactions 

Several mechanisms (see Figure 2.7) have been proposed in literature to support the 

movement that liposomes need to follow during topical and transdermal delivery, which includes 

the following (El Maghraby et al., 2008:208-211; Montenegro et al., 2006:139). 

 Free method (believed that an intact vesicle with the API could penetrate the skin as a 

whole). 

 Penetration enhancing effects (the phospholipids in the formulation of the liposomes 

lower the permeability of the stratum corneum barrier and the phospholipids mix with the 

skin lipids and loosen the structure of the stratum corneum). 

 Adsorption and mixing of the vesicles lipids with the skin (the vesicles adsorb to the 

surface of the skin where the drug is directly transferred from the vesicle to the skin; the 

drug with the vesicle then mixes or fuses with the stratum corneum lipids and this 

mechanism enhances the drug partitioning in the skin with regards to the lipophilic drug 

molecules). 
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Figure 2.7: Liposome skin interactions (Adapted from Ashtikar et al., 2016:134). 

2.11 Conclusion 

Acne vulgaris is considered as a common skin disease that affects more than 80% of young 

adults and adolescents, thus it can be seen as a global problem.  The API, roxithromycin, was 

investigated during this research study, since it has the prospective to be included to the list of 

topical preparations with the intention of successfully treating acne.  This is a promising 

opportunity for formulators, as a topical formulation containing roxithromycin does not currently 

exist.  Roxithromycin is an encouraging contestant for topical drug delivery, since the majority of 

its physicochemical properties are considered ideal for delivery of the API to the skin.  However, 

this API comes with certain drawbacks regarding its poor aqueous solubility.  Thus, it was 

decided to prepare the amorphous forms of roxithromycin; the quench cooled and the 

chloroform desolvated amorphous forms were prepared, since it is known to have better 

solubility values.  However, the skin poses another formulation challenge.  The unique structure 

of the skin, more specifically the stratum corneum layer limits the delivery of drugs locally.  

Thus, the different APIs were encapsulated into liposomes to help improve skin permeability 

and bioavailability.  The aim set out for this research study was to formulate the different solid-

state forms of the API into liposomal vesicle systems, consisting of various ratios of 

phosphatidylcholine and cholesterol.  This was done to determine whether the excipients had a 

stabilising effect on the amorphous forms and to determine which preparation had the best 

topical delivery of the API. 
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Abstract 

The purpose of this study was to determine which excipient (phosphatidylcholine and 

cholesterol) used during the liposome formulation was successful in stabilising the amorphous 

forms of roxithromycin.  This was investigated by formulating the crystalline and the amorphous 

forms into liposomes with three different ratios of excipients.  Further, the three solid materials 

of the active pharmaceutical ingredient (API) were characterised physically before the 

preparation of the lipid films (precursors to liposomes) were examined.  During the stability 

investigation, it was noticed that the preparation of the lipid films rendered the crystalline form 

into a solid-state form with an amorphous habit.  It was also discovered that the combination of 

the amorphous forms with phosphatidylcholine and cholesterol remained stable throughout 

further testing, handling and storage thereof.  Liposome vesicles was prepared and 

characterised to determine if they possessed ideal physicochemical properties for topical drug 

delivery.  It was proved that these vesicle systems presented with good formulation properties, 

which may be advantageous for topical drug delivery; hence, the final liposome dispersions 

were selected for further studies.  Membrane release studies were conducted over a time period 

of 6 h in an attempt to determine if the crystalline roxithromycin and the amorphous forms were 

released from the vehicle system and to determine which liposome had the highest average 

flux.  Skin diffusion studies, followed by tape stripping were performed to evaluate transdermal 

and or topical delivery of the API.  Although, some of the dispersions demonstrated transdermal 

results; good topical delivery of roxithromycin was achieved, leading to drug delivery to the 

target-site. 

Keywords: roxithromycin, amorphous form, solid-state, excipients, lipid films, liposomes, topical 

drug delivery 
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1 Introduction 

Acne vulgaris is a common skin disorder which affects and causes inflammation to the 

sebaceous glands, due to colonisation and overgrowth of the Propionibacterium acnes 

organism in the dermal layer of the skin (Krautheim & Gollnick, 2004; Williams et al., 2012).  It 

has been estimated that the majority of all teenagers will be confronted with acne at some point 

in their life, with 15-20% suffering with moderate-to-severe forms of this disorder.  This problem 

can also continue into adulthood, thus affecting 20-40% of all human beings (Omer et al., 2017).  

Several factors are involved during the formation of acne, with the most important being the 

accumulation of the Propionibacterium acnes organisms in the sebaceous and sweat glands, 

thus causing inflammation to the skin (Ramanathan & Hebert, 2011).  A number of oral 

antibacterial agents, i.e. erythromycin and clindamycin, have been successful in the treatment 

of acne vulgaris (Jeong et al., 2017).  However, systemic antibiotics used in acne treatment are 

reported to be up to 60% resistant to bacterial entities and micro-organisms, leading to poor 

patient compliance due to an increase in side-effects because of continuous use of these 

antibacterials (Jeong et al., 2017; Scheinfield et al., 2003).  Studies proved that when antibiotics 

are administered topically, the antibacterial effect is more effective (Williams et al., 2012).  Thus, 

the use of new antibiotics would be beneficial in a topical formulation against acne vulgaris in 

the near future (Csongradi et al., 2017; Oschsendorf, 2006). 

Roxithromycin is classified as a macrolide antibacterial agent with a broad spectrum of activity 

(Aucamp et al., 2012; Bryskier, 1998).  The effectiveness of this drug is due to its bacteriostatic, 

as well as bactericidal effects, thus terminating the protein synthesis and growth of various 

bacteria and atypical micro-organisms (Aucamp et al., 2012; Zhanel et al., 2001). 

Roxithromycin encapsulated into liposomes for topical delivery seems to be an improved 

formulation strategy.  Firstly, on investigating the physicochemical features of roxithromycin, it is 

considered as favourable for topical delivery, since the active pharmaceutical ingredient (API) 

has a lipophilic character with a melting point ideal for drug delivery to the skin.  Secondly, when 

taking the API orally it is mostly metabolised through the liver, hence formulation of the drug into 

a topically applied preparation will be more beneficial.  Thirdly, many skin diseases such as 

acne are situated within the deeper layers of the skin and conventional dosage forms have poor 

retention in the skin, making this unable to treat these conditions effectively (More et al., 2016). 

The topical delivery of roxithromycin is intended for the direct application of the drug at its 

target-site, i.e. the epidermis-dermis, therefore keeping the API retained within the skin 

(Williams, 2013).  The enormous surface area of the skin is ideal for the administration of both 

topical and systemic acting drugs (Williams, 2003).  The relevance of this drug delivery route is 

due to a number of advantages obtained, with the most important being the non-invasive 
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administration of the drug (Williams, 2013).  This often leads to a rise in patient compliance, 

since the API is directly applied to the target-site, resulting in fast and effective treatment and 

avoiding the hepatic metabolism facilitated by the liver (Morrow et al., 2007; Naik et al., 2000).  

Despite the advantage of being directly applied to the surface of the skin, the drug still needs to 

penetrate the upper skin layer and permeate through the underlying deeper regions of the skin.  

This process is often restricted by the outermost, superfical layer – the stratum corneum (El 

Maghraby et al., 2008; Wickett & Visscher, 2006).  The various lipids found in the stratum 

corneum are able to regulate and control the movement of APIs through the various skin layers 

and therefore, act as the flux regulator of the API applied to the skin (Williams, 2003).  The drug 

flux can be described as the amount of the API that has the ability to move across the skin 

layers.  It became apparent that the flux of the drug is dependent on the biological properties of 

the skin, as well as the physicochemical properties of the API in question (Williams, 2003; 

Williams, 2013). 

For the successful penetration and permeation of the API into the skin, it needs to have certain 

favourable physicochemical characteristics, i.e. molecular weight, aqueous solubility, melting 

point and lipophilicity (Allen et al., 2011; Barry, 2007; Hadgraft, 2001; Williams, 2013).  

Roxithromycin has a molecular weight of 837.06 Da (Merck, 2017), which is problematic for 

topical delivery, since it is larger than the ideal molecular weight, which should be less than 500 

Da (Khalid et al., 2016; Naik et al., 2000; Mbah et al., 2011).  The ideal aqueous solubility of a 

drug that is administered topically should be >1 mg/ml (Naik et al., 2000).  However, 

roxithromycin is slightly soluble in water and presents with a solubility value of 0.00335 mg/ml at 

25°C (Aucamp et al., 2016).  A melting point of ˂200°C is ideal for passive topical drug delivery 

(Naik et al., 2000), thus roxithromycin is an ideal candidate with regards to its melting point, 

considering the fact that roxithromycin has a melting point of between 116 and 122°C (Aucamp 

et al., 2012).  A favourable octanol-water partition coefficient (log P) value for dermal absorption 

and penetration is between 1-3 (Subedi et al., 2010; Williams, 2003). 

In consequence of the poor aqueous solubility of roxithromycin, it was considered beneficial to 

prepare and use the two amorphous forms of roxithromycin.  The less structured molecular 

packing of the amorphous forms has the ability to alter the properties of this drug and increase 

the most important parameter, i.e. solubility (Biradar et al., 2006).  Studies performed by 

Aucamp et al (2013) and Milne et al. (2016), proved that the amorphous forms are successful in 

increasing the aqueous solubility of roxithromycin. 

Extensive research has been conducted in the field of drug carrying systems, such as 

liposomes (Prashar et al., 2013).  Thus, liposome vesicle systems are considered of great 

importance as topical delivery system, given that they possess the ability to encapsulate a 

broad spectrum of APIs with different physicochemical properties, including lipophilic, 
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hydrophilic, as well as amphiphilic drugs (Madni, 2014).  It has also been reported in literature 

that these vesicles increase the time that the API resides in the stratum corneum, epidermal 

and dermal layer in some cases, whilst reducing the absorption of the drug into the systemic 

circulation, which is considered ideal for topical drug delivery (Bansal et al., 2012; Pierre & 

Costa, 2011; Verma et al., 2003).  During this study, liposomes were the vesicles of choice to 

encapsulate the three solid-state forms of roxithromycin, since it delivers drugs to the intended 

target-site, whilst increasing the absorption and availability of the of the drugs to the target area 

(Drulis-Kawa & Dorotkiewicz-Jach, 2010; Prashar et al., 2013).  These vesicles were also 

considered in an attempt to overcome the less than ideal properties of roxithromycin, i.e. the 

large size of the molecule and low aqueous solubility that is not optimal for topical drug delivery. 

2 Materials and methods 

2.1 Materials 

Roxithromycin monohydrate was purchased from DB Fine Chemicals (Johannesburg, SA).  The 

main components used during the preparation of the lipid films and liposomes consisted of: 

phospholipids, cholesterol and tocopherol.  Egg phosphatidylcholine (L-α-phosphatidylcholine), 

cholesterol from sheep wool and tocopherol (DL-α-tocopherol) was purchased from Sigma 

Aldrich (Steinheim, Switzerland).  Chloroform was the solvent used to dissolve the ingredients 

was purchased from ACE Chemicals (Johannesburg, SA).  Double deionised high performance 

liquid chromatography (HPLC) grade water was used during all the experiments as a hydration 

medium was obtained from a Millipore® Milli-Q® water purification system (Bedford, USA).  The 

phosphate buffer solution (PBS) (pH 7.4) was prepared using UnivAR® potassium phosphate 

(KH2PO4) and UnivAR® sodium hydroxide (NAOH) purchased from Merck (Wadeville, SA).  The 

mobile phase, HPLC chromatography grade LiChrosolv® methanol (MeOH), supplied by Merck 

Millipore® (Darmstadt, Germany) was used as buffer solution that consisted of ammonium di-

hydrogen phosphate (NH4H2PO4) acquired from SAAR Chem (Krugersdorp, SA). 

2.2 Methods 

2.2.1 High performance liquid chromatography analysis 

The HPLC analytical technique was adapted and validated according to a previously published 

analytical method (Aucamp et al., 2016) and used to identify and measure the concentration of 

the different solid-state forms of roxithromycin.  An Agilent 1100 HPLC system was used 

(Agilent Technologies, Palo Alto, CA) for the concentration analysis.  A Venusil XBP C18 (2) 

reverse phase column (150x4.6 mm) with a particle size of 5 µm was used (Agela 

Technologies, Newark, USA).  The mobile phase consisted of 0.01 M NH4H2PO4 buffer solution 

at pH 7.0 with diluted ammonia.  Buffer mixed with HPLC grade methanol in a buffer: methanol 
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ratio of 15:85.  The mobile phase was filtered through a 0.22 µm nylon membrane filter before it 

was placed on the HPLC (Membrane Solutions®, Kent, USA).  The injection volume was 50 µl 

with a flow rate set at 1 ml/min, a run time of 10.0 min and roxithromycin having a retention time 

of ± 4.5 min. 

2.2.2 Preparation of the amorphous forms of roxithromycin 

Two amorphous solid-state forms of roxithromycin were prepared.  The first amorphous form 

was prepared through the well-known rapid (quenching) cooling of the melt method.  Crystalline 

roxithromycin raw material was evenly distributed on the surface of a glass Petri dish.  The 

sample was melted in a laboratory oven (Binder, Germany) at a set temperature of 120±3°C, 

until a molten product was obtained.  The molten product was removed from the oven and 

subsequently cooled on a granite surface to form the amorphous solid (Aucamp et al., 2013).  

Secondly, the chloroform desolvated amorphous form of roxithromycin was prepared through 

the slow evaporation method, followed by desolvation of the solvate using chloroform as solvent 

(Milne et al., 2016).  The volatile solvent, chloroform was heated on a hot plate stirrer at 

60±2°C, whilst continuously adding roxithromycin until a saturated solution with a clear 

appearance was obtained.  The beaker containing the solution was removed from the hot plate, 

covered with Parafilm® (Beemis NA, Neenah, USA) and left in a fume hood at 25±2°C for slow 

evaporation to occur.  After the complete evaporation of chloroform, a dense white mass can be 

seen at the bottom of the beaker.  The desolvation process was complete after the sample was 

placed in a laboratory oven (Binder, Germany) at 60±2°C for a period of 24 h (Aucamp et al., 

2013; Milne et al., 2016). 

2.2.3 Preparation of liposomes 

Liposomal vesicles were prepared using an adapted version of the thin-film hydration technique 

also referred to as hand shaking process (Agarwal et al., 2001; New, 1990; Patel & Misra, 

1999).  The API, cholesterol and phosphatidylcholine were dissolved in chloroform and a drop 

of tocopherol was added to the dissolved solvent.  Once the excipients were dissolved, the 

content was transferred into a 1000 ml round bottom flask and placed into a preheated water 

bath at a set temperature of 40°C.  The chloroform was removed by evaporation with a Buchi 

Rotavapor® (Flawil, Switzerland).  Evaporation occurred under reduced pressure of 310 mBar 

and the flask rotated at 180 rpm until a dry lipid film was obtained on the flask.  The flask was 

then kept overnight in a laboratory vacuum oven at 25°C to ensure that the residual solvent was 

completely removed.  The lipid film was then hydrate with Milli-Q® water and placed in the water 

bath at a temperature of 25°C whilst stirred with a magnetic rod to form a milky solution.  The 

milky solution was then sonicated on ice for 2 min, using an ultrasonicator (Model UP 200St, 



52 
 

Hielscher Ultrasonics, Teltow, DE).  The liposome dispersion was left to stand for at least 2 h at 

room temperature to allow optimal swelling to occur and placed into the refrigerator until use. 

The three solid-state forms of roxithromycin that were used in the formulation of the liposomes 

consisting of three different ratios of phosphatidylcholine and cholesterol, resulting in the 

preparation of nine dispersions.  The crystalline monohydrate form of roxithromycin will be 

referred to as RM and the amorphous quench cooled and chloroform desolvated form will be 

referred to as QC and CD, respectively.  The ratios of the phosphatidylcholine and cholesterol 

varied as follows: Dispersion 1 (4:1% w/w), Dispersion 2 (3:1% w/w) and Dispersion 3 (3:2% 

w/w).  The excipients used are presented in Table 1. 

Table 1: Excipients used to formulate the liposomes 

2.3 Physical characterisation 

2.3.1 X-ray powder diffraction 

Powder x-ray diffraction (XRPD) measurements were conducted on the samples to ensure the 

crystalline or amorphous nature of the different solid-state forms of roxithromycin.  A PANalytical 

Empyrean diffractometer (PANalytical, Almelo, Netherlands), fitted with a PIXcel3D detector was 

used to record the XRPD patterns at an ambient temperature.  Each sample were uniformly 

distributed on a zero background sample holder and analysed.  The measurement conditions 

for all scans were set as follows: target, Cu; voltage, 40 kV; Current, 40 mA; divergent slit, 2 

mm; anti-scatter slit, 0.6 mm; detector slit, 0.2 mm and scanning speed, 2 /min (step size, 0.02; 

step time, 1.0 s). 

2.3.2 Differential scanning calorimetry 

Differential scanning calorimetry (DSC) was performed on the samples containing the crystalline 

and the amorphous forms of roxithromycin to gain insight with regards to the thermal events.  A 

Shimadzu (Kyoto, Japan) DSC-60 instrument was used to record the DSC thermograms, which 

reports data in terms of the difference in heat flow (mW) against a specific temperature (°C).  

Each sample (3-5 mg) were accurately weighed in an aluminium crimp cell and sealed with an 

unpierced aluminium lid using a crimping tool.  The experimental set up and conditions for DSC 

analysis are as follow: Starting temperature, 25°C; maximum temperature, 200°C; heating rate, 

10°C/min and the nitrogen flow rate, 35 ml/min. 

2.3.3 Fourier-transform infrared spectroscopy (FT-IR) 

The IR-spectrums for all the samples were recorded using a Shimadzu IR Prestige-21 

Spectrophotometer (Kyoto, Japan) over a range of 400-4000 cm-1.  Potassium bromide was 
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used as a background.  Each sample was dispersed in a matrix of powdered potassium 

bromide through light grinding with a pestle and mortar.  The IR-spectra were measured using a 

diffuse reflectance cell. 

2.4 Characterisation of liposomes 

2.4.1 Transmission electron microscopy 

The morphological characteristics, i.e. the structural shape and size of the vesicles, were 

studied by means of transmission electron microscopy (TEM).  The vesicles prepared without 

the different solid-state forms of roxithromycin were subjected to analysis, since precipitation of 

the API out of the formulation can occur and in turn lead to damage of the microscope.  The 

analysis was performed on a FEI Tecnai G2 TEM microscope (FEI, Holland).  The samples 

were freshly prepared the previous day and stored in a refrigerator upon analysis.  A single drop 

of the formulation was placed on a microscopic carbon-coated grid and left to dry for 10 min.  A 

negative stain, osmium tetroxide was added to the samples to stain the lipid bilayers of the 

vesicles, thus providing a clear visual representation.  The stained grid was left to air dry for 30 

min and analysed. 

2.4.2 Zeta-potential, droplet size and polydispersity index 

The droplet size and polydispersity index (PdI) and the average surface charge (zeta-potential) 

of the liposomes encapsulating the three solid-state forms of the API were measured.  A 

Malvern Zetasizer Nano ZS was used to determine these characteristics (Malvern Instruments, 

Worcestershire, UK).  Approximately 1 ml of the sample was diluted with 20 ml Milli-Q® water; 2 

ml of the samples was injected into a clear disposable zeta-cell and inspected for air bubbles.  

The samples were analysed in triplicate. 

2.4.3 pH 

The pH of each individual dispersion was measured at a temperature of 25°C.  The instrument 

was a Mettler Toledo® pH meter (Mettler Toledo, Cu).  The measurements were taken in 

triplicate. 

2.4.4 Entrapment efficiency 

The entrapment efficiency (%EE) of the crystalline and the amorphous forms of roxithromycin 

was determined by HPLC analysis technique.  Samples were centrifuged using an  

Optima L-100XP Ultra-centrifuge (Beckman Coultier, RSA) at 25 000 rpm for 45 min at a 

temperature of 25°C.  After removal from the centrifuge, 2 ml of the clear supernatant was 
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filtered through 0.45 µm filters into HPLC vials for analysis.  Analysis was performed on the 

prepared samples and results were recorded in triplicate on the same day of preparation. 

Equation 1, which was adapted from Nii & Ishii (2005:200), was used to calculate the %EE of 

the individual formulations, where Ct is the total API concentration and C0 is the concentration of 

the free unentrapped drug: 

%EE = [(Ct – C0) / Ct)] x 100 Equation 1 

2.5 Diffusion studies 

2.5.1 Membrane release studies 

The membrane release experiments were performed on the liposomes containing the different 

solid-state forms of roxithromycin, separately.  The experimental set up for each study consisted 

of 12 Franz cells, with two of the twelve containing the placebo (liposomes without API), thus 

serving as the control group.  The donor phase, as well as the receptor phase was placed in 

pre-heated water baths approximately 1 h before the membrane release study at temperatures 

of 32 and 37°C, respectively.  The vertical Franz cells consisted of two parts.  Each 

compartment (donor and receptor part) was greased separately with Dow Corning® high 

vacuum grease (Auburn, USA) and a magnetic stirring rod was placed inside the receptor 

compartment; thereafter a hydrophilic polyvinylidene fluoride (PVDF) membrane with a pore 

size of 0.45 µm (Pall® Life Sciences, Michigan, USA) was placed on the receptor compartment.  

The donor compartment was placed on the receptor compartment and pressed tightly to ensure 

that no leakage would occur.  After the two compartments were placed on top of each other, the 

Franz cells were sealed on the outside with vacuum grease and clamped tightly with the horse 

shoe clamps as a preventative measure to ensure that no leakage would occur during the 

study.  The receptor compartment was filled with 2 ml of PBS (pH 7.4) and special care was 

taken to ensure that no air bubbles were trapped within the compartment.  The donor 

compartment was filled with 1 ml of the liposomes, covered with a single piece of Parafilm® 

(Neenah, USA) and a cap to prevent any loss of the formulation during each experiment.  The 

12 Franz cells were placed on a Franz cell stand and placed in a water bath (Grant Instruments, 

Cambridgeshire, UK) at 37°C, on a Variomag® magnetic stirring plate (Variomag, Daytona 

Beach, USA).  The water bath was filled so that the receptor compartments were fully immersed 

in the water.  The entire receptor phase was extracted with a syringe and refilled with fresh 

preheated PBS (pH 7.4) hourly for 6 h.  The extracted receptor phase was placed in vials and 

analysed by means of HPLC. 
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2.5.2 Skin preparation 

Caucasian skin obtained from female patients who underwent abdominoplasty surgery was 

used during skin diffusion studies.  Ethical approval for the use of biological material, i.e. human 

skin samples, was approved from the Research Ethics Committee of the North-West University 

(reference number NWU-00114-11-A5).  After collection of the skin from the hospital, the full 

thickness skin was stored in a freezer at -20°C.  The subcutaneous fat was removed by means 

of a scalpel and the skin was visually inspected for any stretch marks, hair or legions before the 

skin was dermatomed.  The skin was then dermatomed using a Zimmer™ electric dermatome 

Model 8821 (Zimmer, Ohio, USA).  The dermatome was used to cut the skin into smaller pieces 

with a thickness of 400 µm and placed on Whatman® filter paper (Maidstone, UK) with the 

stratum corneum facing upwards.  The skin samples on the filter paper was wrapped in 

aluminium foil, marked clearly and placed in a freezer at -20°C until the samples were needed 

for the skin diffusion studies.  The dermatomed skin on the filter paper was marked with a 

polytop with an ink pad and cut into circular shapes, which would be used between the two 

Franz cell compartments.  Prior to the skin diffusion experiments, the skin was removed from 

the freezer and left to thaw for at least 1 h. 

2.5.3 Skin diffusion studies 

The skin diffusion studies were conducted using the same method as for the membrane release 

studies (see Section 2.5.1) with a few adaptations made to the technique.  Dermatomed female 

abdominal skin, instead of synthetic PVDF membranes, was used during skin diffusion studies 

and the receptor phase was only extracted once, since the aim was topical delivery and not so 

much transdermal delivery. 

2.5.4 Tape stripping 

The tape stripping method was performed after the 12 h skin diffusion study was completed.  

The skin samples were removed from the receptor compartment of the Franz cell and the filter 

paper and pinned onto a piece of Parafilm® (Neenah, USA) on a solid wooden surface.  A paper 

towel was used to gently dab the excess dispersion of the surface area of the skin.  After the 

skin was cleaned, the stratum corneum-epidermis (SCE) was then removed using adhesive 

tape (3M Scotch® Magic™ tape, Maplewood, USA).  The tape strips were cut into sizeable 

pieces to cover the diffusion area and approximately 16 tape strips per Franz cell to completely 

remove the entire stratum corneum.  The first tape strip was discarded, since this strip could 

contain an excess amount of the dispersion, the other fifteen tape strips were used to remove 

the SCE until the diffusion area presented with a shiny appearance.  These tape strips were 

placed into polytops, which contained 5 ml of HPLC grade methanol, the solvent entirely 

covered the tape strips.  Once the SCE was removed, the remaining skin, also known as the 
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epidermis-dermis (ED), was cut into smaller pieces and placed into polytops also containing 5 

ml methanol.  The polytops containing either the tape strips or the cut up skin pieces of the ED 

were placed in the refrigerator (2-8°C) for at least 8 h and filtered through a 0.45 µm syringe 

filter.  The filtered solution was placed into HPLC vials and analysed by means of HPLC 

analysis. 

3 Results and discussions 

3.1 Preparation of the amorphous forms 

RM powder was used to prepare the two amorphous forms (QC and CD) of roxithromycin.  It is 

documented that amorphous forms of any compound have the ability to increase the solubility 

value (Aucamp et al., 2013).  In a previous study performed by Csongradi et al. (2017), the 

aqueous solubility of the three different solid-state forms of roxithromycin in PBS at pH 7.0 at 

32°C was determined.  The results appeared to be in close range of each other and the results 

were recorded as: 1.98 mg/ml for RM, 1.88 mg/ml for QC and 1.92 mg/ml for CD.  The log D of 

the different forms was also investigated and the value was recorded as 1.52 for the different 

forms, which proved to be ideal for the delivery to the skin topically (Csongradi et al., 2017). 

3.2 Physical characterisation 

The three solid-state forms of roxithromycin were characterised in terms of XRPD, DSC and FT-

IR.  These methods were used to determine the degree of crystallinity of the samples.  After the 

physical characterisation was complete, the study further progressed in the preparation of the 

lipid films (precursors to liposomes) and their physical stability within the thin-films was 

investigated. 

3.2.1 Solid-state forms 

Crystalline materials have a complete long- and short-range molecular organisation.  This gives 

it a well-defined molecular order (Craig et al., 1999; Yu, 2001).  The physical structure of the 

crystalline forms is more stable than the amorphous solid-state forms (Craig et al., 1999).  The 

amorphous solids do not present with a distinct structure.  This is due to no long-range 

molecular order (Hancock et al., 2002; Laitinen et al., 2013; Shah et al., 2006).  The unique 

molecular packing within the structure will result in unique and individual XRPD patterns for the 

different solid-state forms (Brittain & Grant, 1999).  XRPD diffraction patterns of crystalline 

solids show clear diffraction peaks due to long-range molecular order (Bates et al., 2006), while 

the amorphous forms show an amorphous “halo” pattern (Bates et al., 2006).  The XRPD 

diffraction pattern for RM shows a clear diffraction peak due to the higher number of high 

intensity diffraction peaks.  RM presents with unique diffraction peaks at 10.01 and 10.49°2ᶿ.  

The data corresponds to the data gained from former studies (Aucamp et al., 2012; Milne et al., 
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2016).  QC and CD presented with an amorphous characteristic diffuse pattern; presenting with 

an amorphous “halo” (Aucamp et al., 2012). 

Thermal analysis was performed using DSC.  This was done to determine the glass transition 

temperature (Tg); this is another indication that the solid-state is amorphous in nature (Bates et 

al., 2006; Hancock et al., 2002; Newman et al., 2008).  When comparing the amorphous solid-

state to the crystalline form, crystalline solids present with a sharp melting endotherm in 

comparison to the small Tg of the amorphous solid-state forms (Craig et al., 1999).  

Thermograms of RM showed the crystalline habit of the solid-state with a melting point of 

121.77°C.  Whereas the QC and CD presented with a Tg of 87.26°C and 87.00°C, respectively.  

These values correspond to the results gained from previous studies (Aucamp et al., 2012; Van 

Niekerk, 2011). 

3.2.2 Lipid films 

Results showed that the preparation of the crystalline form of roxithromycin within the lipid films 

rendered the API into an amorphous solid-state form.  These results can be confirmed through 

the XRPD pattern, showing a diffuse diffraction pattern, with no diffraction peak associated with 

the crystalline form.  The DSC thermograms showed that a single melting endotherm of the API 

in the melting region of ±120°C cannot be identified.  The IR results showed that a single 

broadened absorbance band in the area of 4000-3200 cm-1 can be observed.  The results 

gathered from the three different methods is a clear indication that the API resides in the 

amorphous state and were obtained for all thee lipid films containing the RM form.  The 

prepared amorphous forms formulated within the lipid films revealed that their stability stayed 

intact and the tendency to revert to the crystalline solid-state form was avoided. 

Figure 1: XRPD diffraction patterns: a) crystalline RM, b) cholesterol, c) phosphatidylcholine, 

d) RM1, e) RM2 and f) RM3 

3.3 Characterisation results 

The dispersions were characterised in terms of: zeta-potential, droplet size, PdI, pH and %EE 

and the experimental outcomes are presented in Table 2. 

Table 2: Characterisation results for the nine liposomes 

The droplet size and distribution was repeated three times and it was confirmed that the size of 

each vesicle within the different lipid dispersions was in the desired range for topical delivery.  

According to El Maghraby et al. (2008), vesicles with an average size of 1000 nm or bigger will 

probably remain on the skin surface of the stratum corneum, while smaller molecules (600 nm 

or less) will permeate the skin effortlessly.  Hence, all of the samples presented with a vesicle 
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size smaller than 600 nm.  Thus, these vesicles should be able to successfully penetrate the 

resilient stratum corneum barrier and consequently transfer into the desired skin layers (Allec et 

al., 1997; Barry, 2001; Bolzinger et al., 2012). 

The zeta-potential results of all the samples were highly negative, thus a negative surface 

charge is an indication of the stability of the formulation and also considered ideal for successful 

topical drug delivery (Agarwal et al., 2001; Honary & Zahir, 2013; Li et al., 2016; Singh et al., 

2016).  The skin is also considered as a negatively charged biological membrane, and therefore 

the assumption can be made that when charged molecules are applied to the skin an increase 

in the diffusion rate and drug flux could be achieved, leading to an increase in the topical 

delivery of APIs (Ahad et al., 2017; Duangjit et al., 2011; Gillet et al., 2011; Sinico et al., 2005). 

The ideal pH range for topical drug delivery is between 5-9, and the results indicated that the 

values of all the vesicle formulations were in the desired range (Sharma et al., 2011).  Thus, 

these liposomes should remain stable, whilst actively releasing the API to the target-site without 

affecting the biological pH or the integrity of the skin. 

The entrapment efficiency of the prepared liposomes formulated with the different solid-state 

forms of the API presented with adequate results.  Absolute requirements for ideal carrier 

systems are to encapsulate a large quantity of the API within the hydrophilic core and/or the 

hydrophobic lipid bilayers (Alvarez-Trabado et al., 2017).  It is apparent that all nine 

formulations had a high entrapment value of the API in the lipid bilayers, since the 

encapsulation value of the API is close to 100% (Druliz-Kawa & Dorotkiewich-Jach, 2010). 

Therefore, it can be confirmed that the RM, as well as the amorphous forms should be delivered 

effectively to the target-site, resulting in sustained release (Kurakula et al., 2012).  The overall 

results gathered from the characterisation results of the liposomes showed optimal results for 

topical drug delivery of roxithromycin and its prepared amorphous forms. 

Figure 2: Appearance of vesicles viewed using TEM: a) Dispersion 1, b) Dispersion 2 and  

c) Dispersion 3 

3.4 Diffusion study results 

3.4.1 Membrane release 

The results proved that all nine dispersions were successful in releasing the different solid-state 

forms of roxithromycin through the synthetic membranes, with some dispersions being released 

more than others from the different dispersions.  Dispersions can be ranked from the highest to 

the lowest average flux as follows: RM2, QC2, CD1, RM1, RM3, QC1, CD3, QC3 and CD2.  

The dispersion with the highest average flux value was RM2 (28.322±5.340 µg/cm2.h), which 
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was ± 7.3 times higher than CD2 (3.561±0.559 µg/cm2.h) indicated as the dispersion with the 

lowest average flux value from this data set. 

Figure 3: Average flux (µg/cm2.h) of roxithromycin released during release studies conducted 

on liposomes containing different forms of roxithromycin after 6 h 

3.4.2 Skin diffusion results 

The results gained after the skin diffusion studies showed that from the set of nine dispersions 

only six dispersions had values above the lower limit of detection (LOD) and lower limit of 

quantification (LLOQ).  The average amount of roxithromycin which diffused into the receptor 

phase after 12 h skin diffusion studies can be ranked from the highest to the lowest as follows: 

RM2, QC2, RM3, CD2, CD3 and QC3.  The dispersion presenting with the highest average 

amount per area diffused in the receptor phase was RM2 (149.184±169.397 µg/cm2).  

Dispersion 2 (RM2, QC2 and CD2) had the highest values of roxithromycin in the receptor 

phase after 12 h when compared to dispersion 3 (RM3, QC3 and CD3).  This implies that 

transdermal delivery of the API is not influenced by the API, but rather by the excipients and the 

ratios of the excipients used in the formulation of the liposomes.  Transdermal drug delivery is 

successful when the API being delivered presents with both lipophilic and hydrophilic properties.  

These properties ensures that the API will penetrate the lipids in the stratum corneum structure, 

as well as the aqueous areas of the deeper layers of the skin, i.e. epidermis and dermis 

(Csongradi et al., 2017).  Consequently, it seems that both the phosphatidylcholine and 

cholesterol, as well as the ratios in which these excipients are formulated plays an important 

role, since the phosphatidylcholine entraps the lipophilic roxithromycin and the cholesterol plays 

a role in the hydrophilic properties of the API.  The target-site for the delivery of the three solid-

state forms of roxithromycin is the dermis (topical delivery), thus the desired outcome is not to 

obtain transdermal penetration. 

The receptor phase of all nine dispersions gained after 12 h diffusion studies was analysed by 

means of HPLC.  From the data set of nine dispersions formulated with the different solid-state 

forms of the API, only three dispersions was discarded and will not be used to explain the data, 

due to concentrations being lower than the LOD (0.851 µg/ml) and LLOQ (1.703 µg/ml).  The 

goal of this study was to deliver roxithromycin and the two prepared amorphous forms topically 

to the target-site and it was considered favourable that only six dispersions out of a data set 

consisting of nine dispersions was delivered to the receptor phase, i.e. systemic circulation.  

Dispersion RM2 (149.184±169.397 µg/cm2) had the highest average percentage of the API 

diffused into the receptor phase, whilst QC3 (38.705±34.269 µg/cm2) had the lowest average 

percentage diffused over a period of 12 h.  Once again, the diffusion trend can be grouped 

according to the ratios of the excipients used during the formulation of the dispersion, rather 
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than the solid-state form in which the API resides in.  Dispersions 2 (3:1) had the highest value 

in the receptor phase, followed by dispersions 3 (3:2), while dispersions 1 (4:1) were discarded 

due to too low concentrations.  Dispersions 1 were formulated with a higher concentration of the 

phospholipid with regards to the cholesterol.  The log P value is a clear indication of the 

lipophilicity of the molecule in question.  Roxithromycin seems to be a lipophilic drug, since the 

predicted log P value of 2.9 has been documented in the literature (Drugbank, 2017; PubChem, 

2017).  A previous study recorded an experimental log P value of 1.52 for the three solid-state 

forms of the API (Csongradi et al., 2017:97).  It is well recognised that lipophilic drugs have high 

affinity for lipids, for this reason it is apparent that the API will be delivered to the skin in the lipid 

bilayers of the liposomes (Csongradi et al., 2017:100).  A possible explanation for the low 

concentration in the receptor phase can be attributed to the API not being released from the 

liposome dispersions.  Dispersions 2 and dispersions 3 both had higher concentrations of 

cholesterol in the formulation, however the results gained from dispersions 2 had higher values 

in the receptor phase when compared to dispersions 3.  The small increase in the cholesterol 

concentration in dispersions 2 has the ability to lower the high hydrophobic properties of the 

lipid bilayer, leading to a more hydrophilic dispersion (Farzaneh et al., 2018:303).  With regards 

to dispersions 3, the additional cholesterol could disrupt the lipid structure within the bilayer and 

indirectly lead to a decrease in the entrapment of the drug and leakage of the drug out of the 

vesicle (Perrie et al., 2012:393).  This implies that the excipients used to formulate the 

liposomes might have an influence on the transdermal delivery of drugs. 

Figure 4: Average %roxithromycin diffused during the skin diffusion studies conducted on 

liposomes containing different forms of roxithromycin after 12 h 

3.4.3 Tape stripping 

The tape stripping method was conducted to determine if roxithromycin was delivered to the 

SCE and ED. 

3.4.3.1 Stratum corneum-epidermis 

From the concentrations of roxithromycin present in the SCE, all nine dispersions had values 

above the LOD and LLOQ values.  The dispersions can be ranked from the highest to the 

lowest concentration as follows: RM2, QC2, RM3, CD2, CD3, QC3, RM1, QC1 and CD1.  The 

dispersion with the highest concentration in the SCE was RM2 (371.260±95.486 µg/ml).  

Dispersions 2 (RM2 and QC2) had the highest delivery of the API into the SCE, followed by 

Dispersions 3 (RM3, QC3 and CD3) and lastly, Dispersions 1 (RM1, QC1 and CD1).  From the 

results it became evident that the solid-state form encapsulated within the dispersion was not as 

important as the excipients and the ratios used. 
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The stratum corneum is a highly lipophilic natural membrane of the skin, due to the various 

lipids (i.e. ceramides, free fatty acids, cholesterol esters and cholesterol) in the structure of this 

membrane (Montenegro et al., 2006).  Hence, a lipophilic API (roxithromycin) would therefore 

have higher affinity for this layer (Yourick et al., 2008).  Subsequently, this may lead to longer 

retention times of roxithromycin, since the API would prefer to stay in the lipophilic stratum 

corneum. 

The topical delivery of an API may be influenced by the cholesterol content, i.e. the 

phosphatidylcholine concentration was four times higher than the cholesterol concentration for 

Dispersions 1.  It is known from literature that a lower concentration of cholesterol will lead to a 

less stable liposome membrane due to the reduction in the denisity in which the lipids are 

arranged (Kaddah et al., 2018). 

The ratio of the phosphatidylcholine to cholesterol (3:1) in Dispersions 2 seems to be ideal for 

the API delivery into the stratum corneum.  Both cholesterol and phosphatidylcholine has a log 

P of 7.68 (Csongradi et al., 2017; Farzaneh et al., 2018).  Hence, excipients that has the same 

log P value may permit the loading of the API into the liposome vesicle without including extra 

cholesterol in the formula (Farzaneh et al., 2018).  It is known from literature that egg 

phosphatidylcholine (which was used in this study) has unsaturated acyl chains (C=O) in the cis 

configuration and that the aforementioned may therefore disorganise the ordered lipid structure, 

which may cause lipid fluidisation.  Subsequently, the intercellular lipids of the stratum corneum 

can be penetrated by these fluid lipids, which may affect and impair the barrier function that may 

consequently lead to the penetration of the APIs (Montenegro et al., 2006). 

Figure 5: Average concentration (µg/ml) of roxithromycin in the SCE with the different 

liposomes after tape stripping 

3.4.3.2 Epidermis-dermis 

All nine dispersions had diffused into the ED, but only seven dispersions had values above the 

LOD and LLOQ, which can be ranked from the highest to the lowest values as follow: RM2; 

QC2; CD3; CD2; RM3; QC3 and RM1.  The dispersions with highest and lowest concentration 

in the ED was RM2 (179.265±88.364 µg/ml) and RM1 (5.330±2.759 µg/ml).  However, the 

concentration of roxithromycin that permeated into the ED, was lower in the ED than in the 

SCE.  This is due to the fact that this hydrophilic environment is not suited for the lipophilic 

drugs.  Since roxithromycin is lipophilic in nature, it would probably have a higher affinity for the 

SCE lipids and would therefore struggle to diffuse further into the underlying layers.  Thus, it is 

evident that the cholesterol content had a significant effect on the diffusion of the API into the 

ED when looking at Dispersions 1 in comparison to Dispersions 2. 
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Dispersions 1 were formulated with a phosphatidylcholine:cholesterol ratio of 4:1.  Due to the 

high phosphatidylcholine concentration, the dispersion is considered to be too lipophilic for the 

penetration of the API into the ED, since this region is known for its highly hydrophilic nature, 

thus Dispersion 1 was retained within the stratum corneum. 

Dispersions 2 consisted of a phosphatidylcholine:cholesterol ratio of 3:1.  The small 

proportionate increase in the concentration of the cholesterol (from Disperions 1 to Dispersions 

2) had a significant effect on the delivery of the API into the ED.  A possible explaination for the 

delivery of the API into the ED, is a larger amount of the API entrapped within the liposome 

vesicle, which often leads to a more stable liposome membrane during hydration.  The 

increased stability is the result of increased rigity of the vesicle and is associated with high 

entrapping ability of the vesicle, thus entrapping more of the API with a lower probability of the 

API permeating out of the liposome.  This is due to an increase in the cholesterol content (Patel 

& Misra, 1999). 

Cholesterol is an amphiphilic molecule, presenting with both a hydrophilic and lipophilic region 

within its molecular structure.  When cholesterol is retained within a hydrophilic region (ED), the 

molecule has a higher affinity for the hydrophilic properties in comparison to the lipophilic 

properties.  Thus, the API would reside in the aqueous region of the skin (Kaddah et al., 2008). 

Figure 6: Average concentration (µg/ml) of roxithromycin in the ED with the different 

liposomes after tape stripping 

4 Conclusion 

The aim of this study was to investigate the effects of the excipient(s) on the stabilisation of the 

different solid-state forms of roxithromycin within the dispersions.  From the results, it became 

evident that roxithromycin and its amorphous forms can be incorporated into liposome vesicles 

consisting of the different ratios of phosphatidylcholine and cholesterol.  The results indicate 

that both the excipients used in the formulation, as well as the ratios of the excipients have an 

important role in the success of the formulation.  This can be confirmed from the results gained 

from the physical characterisation of the lipid films.  The lipid films rendered the crystalline RM 

into an amorphous form, whilst preventing the amorphous forms of the API from converting to 

the more stable crystalline form.  The preparation of the liposomes was stable and presented 

with characterisation results, which is optimal for topical drug delivery.  Following the 

characterisation, the membrane release studies established that the API was released from all 

nine liposomes and that the Dispersions 2 (phosphatidylcholine: cholesterol in the ratio of 3:1) 

had the highest release of the API.  The skin diffusion studies were conducted to predict 

whether the API would be delivered transdermally or topically.  The API penetrated the SCE 

from all nine liposomes, whilst seven out of the nine liposomes delivered the API into the ED.  
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Both sites (SCE and ED) had the highest concentration of RM2.  Hence, the aim of this study 

was reached; from the results, it became evident that the excipients, the ratios of the excipients 

and the physicochemical properties of the liposomal excipients exerts an effect on the extend 

and region of the API delivered.  This study proved that the solid-state in which the API exists 

does not influence the release and delivery of the API. 
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Tables with captions 

Table 1: Excipients used to formulate the liposomes 

Excipients 
Dispersion 

1 2 3 

API 200 mg 200 mg 200 mg 

Egg lecithin 640 mg 560 mg 480 mg 

Cholesterol 160 mg 240 mg 320 mg 

Tocopherol 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 
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Table 2: Characterisation results for the nine liposomes 

Dispersion 
Vesicle 

size (nm) 
PdI 

Zeta-potential 
(mV) 

pH %EE 

RM1 168.7 0.189 -54.1 7.63 99.97 

QC1 165.4 0.240 -49.4 7.54 99.97 

CD1 169.3 0.272 -50.0 7.49 99.97 

RM2 210.6 0.170 -44.4 7.11 99.97 

QC2 202.3 0.185 -40.5 7.37 99.96 

CD2 207.4 0.136 -40.6 7.27 99.95 

RM3 341.9 0.416 -65.9 7.63 99.97 

QC3 326.8 0.355 -57.2 7.58 99.97 

CD3 286.4 0.235 -56.2 7.55 99.96 
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Figures 

 

Figure 1: XRPD diffraction patterns: a) crystalline RM, b) cholesterol, c) phosphatidylcholine, 

d) RM1, e) RM2 and f) RM3 
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Figure 2: Appearance of vesicles viewed using TEM: a) Dispersion 1, b) Dispersion 2 and  

c) Dispersion 3 

a) 

100 nm 

33.69 nm 

b) 

100 nm 

27.79 nm 

c) 

100 nm 

45.18 nm 
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Figure 3: Average flux (µg/cm2.h) of roxithromycin released during release studies conducted 

on liposomes containing different forms of roxithromycin after 6 h 
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Figure 4: Average %roxithromycin diffused during the skin diffusion studies conducted on 

liposomes containing different forms of roxithromycin after 12 h 



76 
 

 

Figure 5: Average concentration (µg/ml) of roxithromycin in the SCE with the different 

liposomes after tape stripping 
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Figure 6: Average concentration (µg/ml) of roxithromycin in the ED with the different 

liposomes after tape stripping 
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Figure captions 

Figure 1: XRPD diffraction patterns: a) crystalline RM, b) cholesterol, c) phosphatidylcholine, 

d) RM1, e) RM2 and f) RM3 

Figure 2: Appearance of vesicles viewed using TEM: a) Dispersion 1, b) Dispersion 2 and  

c) Dispersion 3 

Figure 3: Average flux (µg/cm2.h) of roxithromycin released during release studies conducted 

on liposomes containing different forms of roxithromycin after 6 h 

Figure 4: Average %roxithromycin diffused during the skin diffusion studies conducted on 

liposomes containing different forms of roxithromycin after 12 h 

Figure 5: Average concentration (µg/ml) of roxithromycin in the SCE with the different 

liposomes after tape stripping 

Figure 6: Average concentration (µg/ml) of roxithromycin in the ED with the different 

liposomes after tape stripping 
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CHAPTER 4 
CONCLUSION AND FUTURE RECOMMENDATIONS 

The uppermost layer, the stratum corneum acts as the core rate-limiting barrier, with regards to 

the permeation of an API into the skin; consequently, limiting both the topical and transdermal 

drug delivery (Akhtar, 2014:88; Baroni et al., 2012:259; Foldvari, 2000:418).  Acne is considered 

a problem for a large number of the individuals which is affected by this inflammatory skin 

disease, this is caused by the infiltration and overgrowth of the Propionibacterium acnes 

bacterium in the sebaceous glands which is arranged in the dermal layer of the skin (Gollnick, 

2003:1585; Menon, 2002:4).  Topical antibacterial agents directly affect P.acnes in the 

pilosebaceous glands and are successful in reducing the inflammation associated with this skin 

disease (Williams et al., 2012:164).  Numerous reports were published to create awareness of 

the rapidly increasing antibiotic resistance and side-effects due to continuous use of these 

antibacterial compounds (Jeong et al., 2017:243).  To overcome these problems, recent studies 

suggest the use of newer antibiotics, i.e. roxithromycin, to test the efficiency of this API within a 

topical formulation (Csongradi et al., 2017:96). 

For topical drug delivery to be achieved, certain physicochemical properties are required to help 

overcome the challenge of drug transport across the skin (Weiss, 2011:471).  One of the more 

recently discovered antibacterial agent investigated with the aim of treating acne is 

roxithromycin (Medsafe, 2017).  Roxithromycin is an ideal candidate for topical drug delivery, 

aside from the fact that this drug is poorly soluble in water (Aucamp et al., 2013:26; Medsafe, 

2017).  Consequently, the amorphous forms of the API were investigated, since the prepared 

amorphous forms are far more soluble than its crystalline counterpart (Aucamp et al., 2013:26; 

Milne et al., 2016:312). 

The solubility problem associated with roxithromycin led to the investigation of lipid vesicles i.e. 

liposomes as a potential drug delivery system.  These vesicle systems could possibly improve 

the solubility value of various API`s by encapsulating the drugs within the hydrophobic and 

hydrophilic parts of roxithromycin within the core or bilayers (Bansal et al., 2012:704).  In 

addition, the excipients used in the formulation of liposomes also act as penetration enhancers 

(Kumar & Rajeshwarrao, 2011:214).  Thus, the synergistic effect of the amorphous forms 

encapsulated into lipid vesicles could positively attribute to an increase in the solubility and 

delivery of the API topically. 

The intended purpose of this study was to determine which excipient, used either alone or in 

combination with other constituents in the liposome formulas had a stabilising effect on the 
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amorphous forms of the API, whilst preventing them from converting back to the stable 

crystalline solid-state form with low solubility values.  Formulations were prepared using RM, 

QC and CD amorphous forms.  With the purpose of investigating this occurrence, three 

liposome dispersions, formulated with different phosphatidylcholine and cholesterol ratios were 

prepared, encapsulating the three solid-state forms of the API.  This resulted in the preparation 

of nine formulations in total (see Table 4.1).  The second aim was to determine which of the 

nine liposome formulations would deliver the highest concentration of the API to its target-site. 

Table 4.1: Ratios of the excipients used in the preparation of different liposomes containing 

the crystalline RM, together with the QC and the CD amorphous forms 

Dispersion 
Phosphatidylcholine 

(w/w %) 
Cholesterol  

(w/w %) 
Allocated reference 

numbers 

1 4 1 RM1, QC1 and CD1 

2 3 1 RM2, QC2 and CD2 

3 3 2 RM3, QC3 and CD3 

 

The objectives of this study include the following: 

 Validation of the HPLC analytical method to quantitatively determine the concentration of 

roxithromycin in each liposome vesicle system. 

 Preparation of the QC and the CD amorphous forms of roxithromycin. 

 Solid-state characterisation of the two amorphous forms in comparison to crystalline 

form by means of DSC, FT-IR and XRPD. 

 Preparation of the nine lipid films (precursors of liposomes) containing all three 

roxithromycin solid-state forms (crystalline and two amorphous forms) separately with all 

three the ratios of phosphatidylcholine and cholesterol and the determination of the 

crystallisation of the amorphous forms by means of XRPD, DSC and FT-IR. 

 Preparation of the liposomal vesicle systems (n = 9) consisting of the three solid-state 

forms (crystalline and two amorphous forms) of roxithromycin in three different ratios of 

the excipients (phosphatidylcholine and cholesterol). 

 Characterisation of the liposomes formulated with or without roxithromycin in terms of 

morphology, droplet size and distribution, zeta-potential, pH and %EE. 

 Perform membrane release studies to determine whether roxithromycin and the two 

prepared amorphous forms were released from the different liposomes. 
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 Perform skin diffusion studies, followed by tape stripping to determine whether 

roxithromycin and the two amorphous forms were delivered transdermally and/or 

topically. 

An analytical HPLC technique was adapted from a previously published method for the analysis 

of the different solid-state forms of the API (Aucamp et al., 2016:175).  This technique proved to 

be precise, specific, repeatable and consistent to successfully determine the concentration of 

roxithromycin and its amorphous forms prepared throughout the study. 

Two amorphous solid-state forms of roxithromycin were prepared.  The first solid-state form was 

prepared though the well-known rapid cooling (quenching) of the melt technique.  The second 

form was prepared by means of a slow evaporation method of chloroform as the solvent, 

followed by a desolvation process (Aucamp et al., 2012:468; Milne et al., 2016:312).  Two 

stable amorphous forms with an increased water solubility of ± 1 800.0% and ± 505.9% for QC 

and CD, respectively (Liebenberg & Aucamp, 2013; Liebenberg et al., 2013) were obtained. 

The three solid-state forms of roxithromycin consisting of the crystalline RM, as well as the two 

prepared amorphous forms (QC and CD) were characterised by means of XRPD, DSC and  

FT-IR techniques and the purity of each solid-state form was confirmed through HPLC analysis.  

In order to fully characterise the API, it was important to establish the crystal structure of the 

forms through XRPD (Pindelska et al., 2017:113).  Literature states that crystalline solids 

present with a three dimensional long-range molecular order, in comparison to the amorphous 

forms, which can be characterised by their random atomic structure and short range molecular 

order (Healy et al., 2017:26).  As the result of the ordered structure of the crystalline solid-state 

form, RM, a clear diffraction pattern can be observed, whilst the randomly ordered molecular 

structure of the altered amorphous form can be confirmed by means of the broad amorphous 

“halo” (Aucamp et al., 2012:471; Bates et al., 2006:2333).  The characterisation of the samples 

progressed using thermal analysis techniques.  DSC was the method of choice to gain 

information with regards to the phase transitions of the solid-state forms, since it measures the 

difference in temperature and heat flow between the sample and a reference cell (Gill et al., 

1993:931; Raju et al., 2009:S18; Zhang et al., 2004:377).  Previous studies confirm the 

amorphous nature of the solid-state forms through the identification of a glass transition (Tg), in 

comparison to the crystalline structure presenting with a sharp melting endotherm (Bates et al., 

2006:2333; Craig et al., 1999:181).  Results show that RM had a clear melting endotherm, 

whereas the amorphous forms displayed a small step change in heat flow also known as the Tg.  

FT-IR was also used to identify the degree of crystallinity.  The IR spectrums differ for highly 

crystalline solids in comparison to the prepared amorphous forms.  Broader peaks are a clear 

identification of the amorphous forms, due to the random arrangements of their molecular order 

(Einfalt et al., 2013:322; Yu, 2001:114).  HPLC analysis was performed on all the samples to 
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determine the purity of the prepared amorphous forms, these values were compared to the 

crystalline form and it was found to be of high purity correlating with the purchased RM. 

The study progressed towards the investigation of the physical stability of the different solid-

state forms during the inclusion thereof within the lipid films.  These lipid films will act as 

precursors for the liposome vesicle delivery system.  Nine lipid films were prepared with 

different ratios of phosphatidylcholine and cholesterol, including the different solid materials of 

the API.  Thus, the stability and the degree of crystallinity were confirmed by XRPD, DSC and 

FT-IR. 

Results showed that the preparation of the crystalline form of roxithromycin within the lipid films 

rendered the API into an amorphous solid-state form.  These results can be confirmed through 

the XRPD pattern, showing a diffuse diffraction pattern, with no diffraction peak associated with 

the crystalline form.  The DSC thermograms showed that a single melting endotherm of the API 

in the melting region of ± 120 °C cannot be identified.  The IR results showed a single 

broadened absorbance band in the area of 4 000 – 3 200 cm-1 which signifies that the drug 

could be in an amorphous state or captured within an amorphous solid dispersion.  The results 

gathered from the three different methods is a clear indication that the API resides in the 

amorphous state and were obtained for all thee lipid films containing the RM form.  The 

prepared amorphous forms formulated within the lipid films revealed that these forms remained 

stable and the tendency to revert to the crystalline solid-state form was avoided. 

The liposomes were prepared through an adapted version of the well-known thin-film hydration 

strategy (Agarwal et al., 2001:44; New, 1999:36-38; Patel & Misra, 1999:358).  The three solid-

state forms of the API were encorporated into the liposomal vesicle system in three different 

ratios of the vesicle excipients, which resulted in the preparation of nine lipid vesicle systems. 

Three placebo liposome vesicles prepared without the different solid-state forms of the API was 

initially characterised to determine whether the formulation of the different excipient ratios will 

be able to form vesicles.  The placebo vesicles were characterised through conventional light 

microscopy and TEM to visualise the size, shape and lamellarity of the formed vesicles.  An 

additional characterisation method, droplet size and size distribution of the three vesicles were 

performed to measure the average size of each vesicle system and to confirm that the size 

ranges adheres to topical delivery standards.  From the results, it was confirmed that all three 

formulations rendered vesicles of adequate size and that the formulation of these vesicles did 

indeed take place.  Thus, none of the formulations could be ruled out. 

The study further progressed towards the formulation of liposomes consisting of the different 

solid-state forms of the API and was successfully characterised by means of: light microscopy, 

droplet size and distribution, zeta-potential, pH and EE%.  The droplet size and distribution was 
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repeated three times and it was confirmed that the size of each vesicle within the different lipid 

formulations was in the desired range for topical delivery.  All of the samples presented with a 

vesicle size smaller than 3 µm.  Thus, these vesicles will be able to successfully penetrate the 

resilient stratum corneum and consequently transfer into the desired skin layers (Allec et al., 

1997:S119; Barry, 2001:101; Bolzinger et al., 2012:163).  The zeta-potential results of all the 

samples were extremely negative, thus a negative surface charge is an indication of the stability 

of the formulation and also considered ideal for successful topical drug delivery (Agarwal et al., 

2001:44; Honary & Zahir, 2013:270; Li et al., 2016:45; Singh et al., 2016:1478).  The skin is also 

considered as a negatively charged biological membrane, from the literature published on drug 

delivery to the skin, the assumption can be made that when charged molecules are applied to 

the skin an increase in the diffusion rate and drug flux could be achieved, leading to an increase 

in the topical delivery of APIs (Duangjit et al., 2011:6; Sinico et al., 2005:129).  The ideal pH 

range for topical drug delivery are between 5 – 9, and the results indicated that the values of all 

the vesicle formulations were in the desired range (Sharma et al., 2011:75).  Thus, these 

liposomes will remain stable, whilst actively releasing the API to the target site without affecting 

the biological pH or the integrity of the skin.  The %EE of the prepared liposomes formulated 

with the different solid-state forms of the API presented with adequate results.  Absolute 

requirements for ideal carrier systems are to encapsulate a large quantity of the API within the 

hydrophilic core and/or the hydrophobic lipid bilayers.  It is apparent that all nine dispersions 

had a high entrapment value of the API in the lipid bilayers, since the encapsulation value of the 

API is close to 100% (Druliz-Kawa & Dorotkiewich-Jach, 2010:1880).  Therefore, it can be 

confirmed that the RM, as well as the amorphous forms will effectively be delivered to the 

target-site, resulting in sustained release (Kurakula et al., 2012:37).  The overall results 

gathered from the characterisation results of the liposomes showed optimal results for topical 

drug delivery of roxithromycin monohydrate and its prepared amorphous forms. 

Following the characterisation of liposomes, membrane release studies were performed on the 

vesicle systems consisting of the different solid-state forms of the API.  This study was done to 

prove that the API was definitely released from the vesicle system, which was prepared with 

different excipient ratios. 

The results showed that all nine liposome dispersions released the three solid-state forms of the 

API through the synthetic membranes, with some presenting with lower concentrations in the 

receptor compartments in comparison to other dispersions.  Dispersion consisting of RM2 had 

the highest average flux (28.322 ± 5.340 µg/cm2.h) and the highest average %roxithromycin 

released (0.205 ± 0.003%) over a period of 6 h.  In comparison to CD2 (3.561 ± 0.559 µg/cm2.h) 

presenting with the lowest average flux and %roxithromycin released (0.028 ± 0.004%) out of a 

data set of nine dispersions.  The release trend can be grouped according to the ratios of the 
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liposome excipients, rather than the solid-state in which the API exist, since there is no possible 

indication of a solid-state form presenting with a leading release concentration.   

After membrane release studies were complete, skin diffusion studies was performed to 

determine if any of the three solid-state forms was delivered transdermally.  Following the 

diffusion studies, the tape stripping technique was employed to determine whether topical 

delivery of the API was achieved and to confirm that the dispersions permeated into the deeper 

layers of the skin. 

The receptor phase of all nine dispersions gained after 12 h diffusion studies was analysed by 

means of HPLC.  From the data set of nine dispersions formulated with the different solid-state 

forms of the API, only three dispersions was discarded and will not be used to explain the data, 

due to concentrations being lower than the LOD (0.851 µg/ml) and LLOQ (1.703 µg/ml).  The 

goal of this study was to deliver roxithromycin and the two prepared amorphous forms topically 

to the target-site and it was considered favourable that only six dispersions out of a data set 

consisting of nine dispersions was delivered to the receptor phase, i.e. systemic circulation.  

Dispersion RM2 (149.184 ± 169.397 µg/cm2) had the highest average percentage of the API 

diffused into the receptor phase, whilst QC3 (38.705 ± 34.269 µg/cm2) had the lowest average 

percentage diffused over a period of 12 h.  Once again, the diffusion trend can be grouped 

according to the ratios of the excipients used during the formulation of the dispersion, rather 

than the solid-state form in which the API resides in.  Dispersions 2 (3:1) had the highest value 

in the receptor phase, followed by dispersions 3 (3:2), while dispersions 1 (4:1) were discarded 

due to too low concentrations.  Dispersions 1 were formulated with a higher concentration of the 

phospholipid with regards to the cholesterol.  The log P value is a clear indication of the 

lipophilicity of the molecule in question.  Roxithromycin seems to be a lipophilic drug, since the 

predicted log P value of 2.9 has been documented in the literature (Drugbank, 2017; PubChem, 

2017).  A previous study recorded an experimental log P value of 1.52 for the three solid-state 

forms of the API (Csongradi et al., 2017:97).  It is well recognised that lipophilic drugs have high 

affinity for lipids, for this reason it is apparent that the API will be delivered to the skin in the lipid 

bilayers of the liposomes (Csongradi et al., 2017:100).  A possible explanation for the low 

concentration in the receptor phase can be attributed to the API not being released from the 

liposome dispersions.  Dispersions 2 and dispersions 3 both had higher concentrations of 

cholesterol in the formulation, however the results gained from dispersions 2 had higher values 

in the receptor phase when compared to dispersions 3.  The small increase in the cholesterol 

concentration in dispersions 2 has the ability to lower the high hydrophobic properties of the 

lipid bilayer, leading to a more hydrophilic dispersion (Farzaneh et al., 2018:303).  With regards 

to dispersions 3, the additional cholesterol could disrupt the lipid structure within the bilayer and 

indirectly lead to a decrease in the entrapment of the drug and leakage of the drug out of the 
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vesicle (Perrie et al., 2012:393).  This implies that the excipients used to formulate the 

liposomes might have an influence on the transdermal delivery of drugs. 

The concentrations of roxithromycin present in the stratum corneum-epidermis layer (SCE) and 

the epidermis-dermis (ED) was measured and analysed by means of HPLC methods.  All nine 

of the dispersions presented with tape stripping results above the limit of detection (LOD) and 

the lower limit of quantification (LLOQ) obtained from the SCE.  The dispersion presenting with 

the highest concentration in the SCE is RM2 (371.260 ± 95.486 µg/ml), whilst the dispersion 

with the lowest concentration in the SCE was CD1 (3.179 ± 1.422 µg/ml).  Dispersions 1 had 

the lowest concentration of the cholesterol.  Thus formulations presenting with a low cholesterol 

value are often less stable with a deformed lipid membrane and this can aid as a possible 

reason for the decreased concentration of roxithromycin (Kaddah et al., 2018:43).  It is known 

that the stratum corneum prevents the penetration of highly hydrophilic compounds much more 

efficiently when compared to lipophilic substances, due to the various lipids found in this layer 

(Schäfer-Korting et al., 2007:428).  Dispersions 2 and dispersions 3 had higher cholesterol 

values in the formulation of the dispersions.  Cholesterol and egg phosphatidylcholine has the 

same log P value, recorded as 7.68 (Farzaneh et al., 2018:303).  Experiments proved that 

excipients with the same log P value do not need additional cholesterol in the formulation.  

Thus, these dispersions are stable enough with the concentration of cholesterol, but is still 

lipophilic enough to encapsulate the lipophilic roxithromycin presenting with a log P value of 

1.52 (Csongradi et al., 2017:100).  Thus, interactions between the liposome membrane and the 

stratum corneum intercellular lipids are the main reason for the penetration of the API within this 

layer (Sakdiset et al., 2018:64). 

Only seven dispersions had values above the LOD and LLOQ in the ED.  The dispersion 

presenting with the highest value was also RM2 (179.265 ± 88.364 µg/ml), in comparison to the 

RM1 (5.330 ± 2.759 µg/ml), which had the lowest concentration in the ED.  Penetration of the 

deeper regions seems to be more affected by the cholesterol content in the liposome 

preparation.  Dispersions 1 were too lipophilic to reach the hydrophilic epidermis and dermis; 

this is due to the fact that this formulation had the highest concentration of the phospholipid.  

Cholesterol is an amphiphilic molecule and within a hydrophilic region (ED), it is assumed that 

the molecule favours the hydrophilic properties more than the lipophilic properties and therefore 

resides in the aqueous region of this skin layer (Kaddah et al., 2018:45).  Dispersions 2 and 

dispersions 3 had higher concentrations of cholesterol in their formulations.  The cholesterol 

aids in effective entrapping of the API within the liposomes and increases the rigidity and 

stability of the vesicles during hydration of the liposomes and this often leads to lower 

permeability of the API out of the liposomes (Patel & Misra, 1999:364).  From the results it is 

evident that the ratio of the excipients used during the formulation of the drug delivery system 
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plays a significant role in the delivery of the API to the stratum corneum, epidermal and dermal 

layer. 

It proved to be true that the amorphous forms will reside in an amorphous state when the API is 

encapsulated within the liposomes consisting of different excipient ratios.  The results show that 

the preparation of RM in lipid films rendered an amorphous solid dispersion.  However, from 

these results it can be assumed that when the amorphous forms will be incorporated within the 

liposomes, the amorphous solids will remain amorphous without converting back to the more 

stable form during handling and storage.  It is possible to deliver roxithromycin within a topical 

formulation, due to the fact that quantifiable concentrations of the API can be found within the 

deeper skin layers, which is the target area of the ED.  Liposomes containing RM formulated 

with phosphatidylcholine: cholesterol ratio of 3:1 (RM2) had the highest concentration of the API 

within the skin.  From this information it was observed that certain excipients present with 

specific properties to deliver the API to its intended target-site. 

Future recommendations include: 

 Incorporate a higher concentration of roxithromycin into the liposomes to improve skin 

permeation in the ED. 

 Preparation of vesicles incorporating roxithromycin into enhanced topical formulations, 

for example gels, creams, nano-emulsions and nano-emulgels. 

 Formulation of the API within PEGylated liposomes, invasomes, transfersomes, 

ethosomes and niosomes. 
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ANNEXURE A 
METHOD VALIDATION FOR THE QUANTIFICATION OF ROXITHROMYCIN 

A.1 Introduction 

Validation of an analytical method is the process used to affirm that the diagnostic technique 

used for a particular test is suitable, true and of adequate standard for its intended purpose 

(ICH, 2005:2; Shabir et al., 2007:312).  The main purpose of this method was to positively 

identify the concentration of roxithromycin during the entrapment in liposomes and throughout 

the membrane release and skin diffusion studies.  Samples with an unknown concentration of 

the API were tested and the values were compared to a reference standard with an identified 

concentration of the same API (ICH, 2005:2).  A chromatographic method was validated to 

ensure the employed analytical method was reliable and sensitive when determining the API 

concentration (FDA, 2001:2).  During this study, HPLC was the method of choice to analyse and 

detect roxithromycin as a single component, as well as upon encapsulation in liposomes for 

delivery to the skin topically. 

A.2 Chromatographic conditions 

An appropriate method for the investigation of roxithromycin was adapted from a previously 

published HPLC method (Aucamp et al., 2016:175).  The adapted method was validated in 

collaboration with Prof Jan du Preez, from the Analytical Technology Laboratory (ATL) at the 

North-West University (NWU), Potchefstroom Campus.  The validation process of this analytical 

method for roxithromycin was performed with Ms Suné Boshoff, as roxithromycin as an API was 

investigated by both of us during the same time period.  All of the experiments were performed 

in controlled research facility (temperature ± 25 °C) and the following analytical parameters 

were established: 

Analytical instrument: An Agilent 1100 Series HPLC system was used.  This instrument was 

equipped with an Agilent 1100 isocratic pump, auto sampler and 

ultraviolet (UV) detector (Agilent Technologies, Palo Alto, CA). 

Column: A Venusil XBP C18 (2) reversed phase column, consisting of pure 

silica (150 x 4.6 mm) with a particle size of 5 µm, was used during the 

HPLC analysis (Agela Technologies, Newark, DE). 

Mobile phase: The mobile phase consisted of 0.01 M ammonium dihydrogen 

phosphate (H6NO4P) buffer solution, with pH adjusted to 7.0, with 
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diluted ammonia solution (7% w/v).  The buffer solution was mixed 

with HPLC grade methanol in an 85:15 (methanol: buffer) ratio. 

Flow rate: 1.0 ml/min 

Injection volume: 50 µl 

Detection: 205 nm 

Retention time: ± 4.5 min 

Stop time: 10 min 

Solvent: Methanol 

A.3 Standard solution preparation 

A standard solution (STD) with a known concentration of roxithromycin was prepared with the 

intent to compare the standard to a sample containing an unknown concentration of the active 

ingredient.  The standard solution (200 µg/ml) was prepared by accurately weighing 20 mg of 

roxithromycin and carefully transferring the weighed reference standard to a 100 ml volumetric 

flask.  The powder was dissolved and the resulting solution was made up to volume with the 

solvent.  The solution was agitated for 2 min using an ultrasonic bath to ensure proper 

dissolution of roxithromycin in the suitable solvent.  In total, 13 different standard solutions with 

varying concentrations, ranging from 1; 2,5; 5; 10; 20; 30; 40; 50; 100; 200; 300; 400 and 

500 µg/ml, were prepared.  Approximately 1 ml of each resulting solution was transferred into 

HPLC vials for analysis.  The analysis was performed in duplicate under the aforementioned 

chromatographic conditions. 

A.4 Validation parameters 

The parameter used to validate the HPLC method includes the following: linearity, accuracy, 

limit of detection (LOD) and lower limit of quantification (LLOQ), precision, ruggedness and 

specificity (ICH, 2005:2). 

A.4.1 Linearity 

The linearity of the analytical technique depicts the capacity of the method to provide test 

results that correspond and is directly proportional to the concentration of the API in the sample 

within a specified range (APVMA, 2004:5; ICH, 2005:5; Shabir et al., 2007:321).  The range is 

referred to as the interval between the upper and lower concentrations of the analyte under 

investigation (Shabir et al., 2007:321).  A specified concentration range should be set to prove 

that the method is linear (Mark, 2003:8); the range of roxithromycin monohydrate for this study 
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was 1.05 – 526.00 µg/ml.  Standard solutions containing 13 different concentrations, as 

mentioned in Section A.3, were prepared and injected in duplicate. 

The linearity of the technique was measure by plotting the hypothetical API concentration 

(µg/ml) versus the peak area (average value) of all the standards and a linear regression 

analysis was performed.  A regression coefficient value (R2) close to one (R2 = 1) indicates the 

method is linear and will provide accurate and reliable results for the analysis of samples 

(Araujo, 2009:2229; Snyder, 1997:691). 

Table A.1: The concentration (µg/ml) for each prepared standard solution and the obtained 

average peak area calculated between the duplicate injections 

Standard 
concentration 

(µg/ml) 
Average peak area 

1.05 14.20 

2.63 38.80 

5.26 72.80 

10.52 148.20 

21.04 320.80 

31.56 465.30 

42.08 611.60 

52.60 774.00 

105.20 1752.00 

210.40 3463.20 

315.60 5151.60 

420.80 6945.00 

526.00 8619.70 

R2 0.9998 

y-intercept -30.2820 

Slope 34.6638 

 

Table A.1 and Figure A.1 provide information with regards to the concentration range of 

roxithromycin.  It is evident the concentration range of roxithromycin (1.05 - 526.00 µg/ml) 

versus the mean peak area provides a linear plot.  The regression coefficient (R2) of 0.9998 is 

indicative that the analytical method is acceptable and within the desired specifications. 
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Figure A.1: Average peak area plotted against the concentration of roxithromycin to prove 

the linearity of the analytical method 

A.4.2 Accuracy 

Accuracy is described as the degree of closeness between the measurement values obtained 

from the detected concentrations of the API within the sample and the concentrations of the true 

reference standard of the analyte.  The samples consisting of the API should be injected and 

analysed in duplicate to form a sound basis for this method (Araujo, 2009:226; APVMA, 2004:4; 

ICH, 2005:4; USP, 2011:878; Shabir et al., 2007:322).  Accuracy is determined by means of 

analysis of a sample with a known concentration (reference standard) and comparing the 

measured values to those of the true value (Shabir et al., 2007:323).  To determine the 

accuracy, a minimum of nine determinations over a range of three different concentrations were 

prepared to represent the full calibration curve range, as recommended for the specific method 

(Bansal & DeStefano, 2007:E111; ICH, 2005:10).  Three different solutions of each 

concentration range (216.9, 215.1 and 202.0 µg/ml) were prepared and transferred in HPLC 

vials for analysis.  Subsequently, each solution was injected and analysed in duplicate.  The 

standard deviation (SD) and the relative standard deviation (%RSD) were employed to conclude 

if the results were accurate and precise.  Accuracy is expressed as the percentage recovery 

with an accepted criterion of 98 – 102% (APVMA, 2004; 5). 
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A.4.2.1 Standard solution preparation 

A standard solution (221.9 µg/ml) was prepared by accurately weighing 22.19 mg roxithromycin 

and transferring the content to a 100 ml volumetric flask, which was made up to volume with the 

solvent  The standard was transferred into HPLC vials and injected at five different injection 

volumes (10, 20, 30, 40 and 50 µl). 

A.4.2.2 Sample solution preparation 

The samples were prepared by weighing roxithromycin (21.69, 21.51 and 20.20 mg), 

respectively and dissolving the content in 100 ml of the solvent.  The solutions were diluted to 

provide different concentrations, as described in Figure A.2.  Each solution was transferred into 

HPLC vials for subsequent analysis. 

 

 

Figure A.2: Sample preparation used to determine the accuracy of roxithromycin 

Table A.2: Results for accuracy of roxithromycin 

Concentration 
(µg/ml) 

Peak area Recovery 

1 2 Average µg/ml % 

20.20 296.00 313.40 305.00 19.60 96.80 

21.50 312.50 301.60 307.00 19.70 91.70 

21.70 320.00 312.00 316.00 20.30 93.70 

50.50 761.40 772.50 767.00 50.90 100.80 

53.80 797.20 784.40 791.00 52.50 97.70 

54.20 791.90 796.80 794.00 52.80 97.30 

202.00 3003.20 2997.60 3000.00 202.40 100.20 

215.10 3144.40 3130.70 3138.00 211.70 104.80 

216.90 3177.20 3175.50 3176.00 214.30 99.60 

 

Mean 98.10 

SD 3.70 

%RSD 3.70 

 

A) 21.7 µg/ml 
B) 21.5 µg/ml 
C) 20.2 µg/ml 

10 ml of the 
solution was 

diluted to 25 ml 
with methanol 

5 ml of the 
solution was 

diluted to 20 ml 
with methanol 

Roxithromycin 
was dissolved in 
100 ml methanol 

A) 216.9 µg/ml 
B) 215.1 µg/ml 
C) 202.0 µg/ml 

A) 54.2 µg/ml 
B) 53.8 µg/ml 
C) 50.5 µg/ml 
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From Table A.2, the mean percentage recovery of roxithromycin was 98.10%, which falls within 

the acceptable criteria range as set out for the accuracy of the method.  This concludes that the 

results are acceptable for this analytical method. 

A.4.3 Limit of detection and lower limit of quantification 

Analytical terms (LOD and LLOQ) are used to describe the sensitivity of the method and can be 

viewed as the lowest concentrations that can be measured during method validation (APVMA, 

2004:4; ICH, 2005:5 Snyder et al., 1997b:659).  The LOD is depicted as the lowest possible 

concentration of the analyte that can successfully be detected within a sample; the analytical 

method is unable to quantify the measured value as a numerical value.  In comparison to the 

LOD, the LLOQ is successful when detecting the minimum injected amount of an analyte, 

producing quantitative measurements with acceptable accuracy and precision (Shabir et al., 

2007:327).  To ensure that the data is valid, the %RSD for LOD and LLOQ should not surpass 

15% and 20 %, respectively (FDA, 2010:10; Rathmann et al., 2015:53). 

A.4.3.1 Sample solution preparation 

A single concentration of roxithromycin was used to determine the LOD and LLOQ of the 

analytical method.  The freshly prepared sample was transferred into HPLC vials and injected 

six consecutive times at different injection volumes (2.5, 5.0, 7.5, 10.0, 20.0 and 30.0 µl). 

 

Figure A.3: Sample preparation used to determine the LOD and LLOQ of roxithromycin 

5 ml of the 
solution was 

diluted to 20 ml 
with methanol 

Roxithromycin 
was dissolved in 
100 ml methanol 

A) 68.1 µg/ml A) 17.0 µg/ml 
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Table A.3: Results of limit of detection (LOD) and quantitation (LLOQ) of roxithromycin 

STD 
(µg/ml) 

Peak area 
SD %RSD 

1 2 3 4 5 6 Ave 

0.34 6.00 6.00 3.50 6.50 6.00 4.40 6.20 2.20 35.43 

0.85 11.30 8.30 13.20 8.90 14.50 12.10 11.40 2.21 19.38 

1.70 22.00 20.00 24.90 24.90 32.20 24.50 24.80 3.78 15.27 

2.55 44.20 45.90 35.00 39.20 39.40 36.00 40.00 3.97 9.93 

3.41 55.80 49.00 55.20 49.30 46.50 45.60 50.20 3.95 7.86 

6.81 111.60 106.70 101.60 106.90 114.40 105.60 107.50 3.89 3.62 

10.22 156.30 165.40 155.90 155.60 163.30 168.00 160.00 4.98 3.11 

 

Table A.3 provides the results of the LOD for roxithromycin as 0.85 µg/ml, with a %RSD of 

19.38%, and the LLOQ of roxithromycin as 1.70 µg/ml, with a %RSD of 15.27%.  Although the 

%RSD of roxithromycin was slightly higher than the predetermined value, it was found to be 

within the accepted range of these two parameters. 

A.4.4 Precision 

The exact chromatographic conditions were used to analyse the API in the individually prepared 

standard solution, as well as multiple samples of this standard solution (ICH, 2005:4).  Precision 

of the method can be expressed as the closeness of agreement between the concentrations of 

the analyte in each sample (ICH, 2005:4; USP, 2012:879).  Precision experiments are divided 

into two groups namely: intra-day and inter-day variation. 

A.4.4.1 Intra-day precision 

Intra-day precision tests are directed to evaluate the repeatability of the analytical technique and 

the accuracy of this method will be expressed within a period of 24 h under the prescribed 

chromatographic conditions (Araujo, 2009:2227; ICH, 2005:4).  The measurements obtained 

from the analytical method can be expressed as a percentage and the acceptance criteria of 

intra-day repeatability are ≤ 2% for the %RSD (APVMA, 2004:5; McPolin, 2009:84).  The results 

gathered from the intra-day variation test and the amount of roxithromycin weighed is listed in 

Table A.4.  The results indicated that roxithromycin presented with a %RSD of 1.45% and that 

the method was precise during the analysis of the API. 
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Sample Weighed amount 

Standard 10.23 mg 

Sample A 10.63 mg 

Sample B 11.11 mg 

Sample C 11.42 mg 

 

A.4.4.1.2 Standard solution preparation 

A standard solution (102.3 µg/ml) of roxithromycin was prepared by adding the roxithromycin 

into a 100 ml volumetric flask.  Subsequently, the standard solution was diluted to volume with 

the solvent.  The freshly prepared standard was transferred into HPLC vials and five different 

injection volumes (10, 20, 30, 40 and 50 µl) were used to perform the analysis. 

A.4.4.1.3 Sample solution preparation 

The sample solutions were prepared as nine different concentrations, over a range of three 

different concentration levels of roxithromycin.  The samples were transferred into HPLC vials 

for analysis.  Analysis was performed on the same day and injected in duplicate. 

Figure A.4: Sample preparation used to determine the intra-day precision of roxithromycin 

 
A) 26.6 µg/ml 
B) 27.8 µg/ml 
C) 28.6 µg/ml 

10 ml of the 
solution was 

diluted to 20 ml 
with methanol 

10 ml of the 
solution was 

diluted to 20 ml 
with methanol 

Roxithromycin 
was dissolved in 
100 ml methanol 

A) 106.3 µg/ml 
B) 111.1 µg/ml 
C) 114.2 µg/ml 

A) 53.2 µg/ml 
B) 55.6 µg/ml 
C) 57.1 µg/ml 
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Table A.4: Results for intra-day precision for roxithromycin 

Concentration 
(µg/ml) 

Peak area Recovery 

1 2 Average µg/ml % 

26.58 373.10 386.10 379.60 26.00 97.90 

27.78 412.30 421.80 417.10 28.60 102.90 

28.55 421.30 423.40 422.40 29.00 101.40 

53.15 779.70 762.40 771.10 52.90 99.50 

55.55 815.70 812.20 818.50 56.10 101.00 

57.1 859.00 846.30 852.70 58.50 102.40 

106.3 1567.20 1550.20 1558.70 106.90 100.50 

111.1 1610.90 1617.70 1614.30 110.70 99.60 

114.2 1699.20 1674.30 1686.80 115.70 101.30 

 

Mean 100.73 

SD 1.46 

%RSD 1.45 

 

A.4.4.2 Inter-day variation 

Inter-day variation expresses the variation that can arise when the experiment is repeated in the 

same laboratory over a period of two or more days (ICH, 2005:5).  Inter-day precision tests 

were performed over three consecutive days.  An acceptable %RSD for inter-day variation 

should be ≤2% (Shabir, 2006:9); Table A.6 presents a %RSD of 0.90% for roxithromycin, which 

was within the accepted criteria, indicating the method was precise.  The amount of 

roxithromycin weighed for the prepared standard and sample solutions are presented in 

Table A.5. 

Table A.5: Roxithromycin amounts weighed for standard and sample solutions 

Sample Day 2 Day 3 

Standard 10.44 mg (104.4 µg/ml 10.93 mg (109.3 µg/ml) 

Sample A 10.31 mg (103.1 µg/ml) 13.69 mg (136.9 µg/ml) 

Sample B 12.76 mg (127.6 µg/ml) 10.37 mg (103.7 µg/ml) 

Sample C 11.40 mg (114.0 µg/ml) 12.83 mg (128.3 µg/ml) 

 

A.4.4.2.1 Standard solution preparation 

Standard solutions were prepared by weighing roxithromycin, adding it into a 100 ml volumetric 

flask and filling it with the solvent.  Each standard solution was transferred into an HPLC vial 

and injected using five different volumes (10, 20, 30, 40 and 50 µl). 
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A.4.4.2.2 Sample solution preparation 

Preparation of the sample solutions labelled “Day 2” and “Day 3” were prepared by weighing 

different amounts of roxithromycin on separate days and transferring them to three separate 

volumetric flasks.  The solutions were made by diluting with the solvent then transferring them 

to HPLC vials for analysis, which was performed in duplicate. 

Table A.6: Results for inter-day precision for roxithromycin 

 

Day 1 (%) Day 2 (%) Day 3 (%) 
Mean between 

days 

99.50 99.80 101.10 

 101.02 100.56 102.35 

102.39 100.18 102.28 

Mean (%) 100.96 100.17 101.91 101.46 

SD 1.19 0.32 0.57 0.91 

%RSD 1.18 0.32 0.56 0.90 

 

A.4.5 Ruggedness 

Ruggedness predicts the ability of an analytical method to withstand any uncontrollable 

variations during analysis in the same laboratory (UNODC, 2009:63).  Ruggedness can be sub-

divided into two tests, namely system repeatability and stability that can be performed using the 

API. 

A.4.5.1 System repeatability 

System repeatability experiments are directed at determining the accuracy and precision of the 

method used during validation of the API.  It is considered important that the method is precise 

at all times, since analysis of the samples is conducted in the same laboratory by an operator 

using the exact equipment over a short period of time.  A system is considered to be repeatable 

if both the retention times and the peak area of the analyte present with a %RSD of ≤ 2% 

(CDER, 2001:5). 

A.4.5.1.1 Sample preparation 

A standard with a concentration of 205.0°µg/ml was prepared by weighing 20.5 mg 

roxithromycin and dissolving it in 100 ml of the solvent.  This standard was injected six 

consecutive times on the same day under the same conditions.  The analysis was performed in 

duplicate. 
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Table A.7: Results for system repeatability of roxithromycin 

Injection number Peak area Retention time (min) 

1 1538.60 5.18 

2 1538.20 5.18 

3 1595.70 5.19 

4 1536.40 5.20 

5 1595.70 5.19 

6 1518.60 5.08 

Mean (%) 1553.90 5.17 

SD 30.35 0.04 

%RSD 1.95 0.80 

 

Table A.7 Indicates the %RSD of roxithromycin was satisfactory, with 1.95% for peak area and 

0.80% for the retention time, respectively. 

A.4.5.2 Stability 

Stability experiments are conducted to measure the chemical stability or the degree of physical 

disintegration of the API during analysis of the sample.  Analysis of the samples were performed 

in a controlled laboratory environment for a specified period of time and the chromatographic 

conditions was kept constant (FDA, 2001:21; UNODC, 2009:63).  The measurements obtained 

from the stability tests describe the amount of API decomposition and is indicated by the %RSD 

value.  As mentioned previously, tests were performed under predetermined conditions and the 

samples were analysed over a period of time at specific time intervals (UNODC, 2009:63).  

Samples should not be used for a period longer than it takes for the analyte to degrade by 2% 

(ICH, 2005:4). 

A.4.5.2.1 Sample solution preparation 

The sample solution contained 50 mg of roxithromycin (500 µg/ml) dissolved in a volumetric 

flask with 100 ml of the solvent, which thereafter was filtered into vials for subsequent HPLC 

analysis.  The sample was injected with an injection volume of 50 µl every single hour over a 

period of 24 h and the peaks were compared to that obtained from the 0 h injection. 
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Table A.8: Results for stability of roxithromycin 

Time (h) Peak area Recovering (%) 

0 1564.70 100.00 

1 1636.00 104.60 

2 1583.90 101.20 

3 1583.80 101.20 

4 1574.40 100.60 

5 1568.50 100.20 

6 1583.60 101.20 

7 1600.60 102.30 

8 1595.80 102.00 

9 1588.10 101.50 

10 1585.40 101.30 

11 1583.30 101.20 

12 1547.00 98.90 

13 1573.60 100.60 

14 1536.30 98.20 

15 1593.70 101.90 

16 1547.60 98.90 

17 1575.00 100.70 

18 1568.10 100.20 

19 1536.30 98.20 

20 1528.60 97.70 

21 1569.70 100.30 

22 1554.80 99.40 

23 1557.80 99.60 

24 1526.90 97.60 

Mean 1570.50 100.40 

SD 24.63 1.57 

%RSD 1.57 1.57 

 

From the results obtained in Table A.8, roxithromycin proved to be stable over a period of 24 h 

with a %RSD of 1.57%.  Therefore, the API will remain stable throughout the release and 

diffusion studies performed over a time period of 6 h and 12 h, respectively, and will not 

decompose over the specified time intervals. 

A.4.6 Specificity 

The specificity of the analytical technique can be described as the capability to accurately 

measure the analyte in the presence of other components (impurities, excipients or degraded 
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analytes within the sample matrix) that could interfere during analysis (USP, 2014:1159).  The 

method is acceptable when none of the peaks provided by the other components interfere with 

the retention time of the analyte in question (Snyder et al., 1997b:700). 

A.4.6.1 Standard solution preparation 

A standard solution with a concentration of 203.0 µg/ml was prepared by dissolving 20.3 mg 

roxithromycin in 100 ml of the solvent.  A pipette was used to transfer the prepared standard 

solution into five different test-tubes, each containing 2 ml of either distilled water (H2O), 0.1 M 

hydrochloric acid (HCl), 0.1 M sodium hydroxide (NaOH) or 10% hydrogen peroxide (H2O2) 

solution. 

A.4.6.2 Sample solution preparation 

Samples were prepared by adding four different reagents to each test tube, i.e. 500 µl H2O, 

500 µl of 0.1 M HCl, 500 µl of 0.1 M NaOH and 500 µl of 10% H2O2, respectively.  The prepared 

samples were immediately analysed to predict decomposition of roxithromycin. 

 

Figure A.5: Sample preparation used to determine the specificity of roxithromycin 

 

500 µl 
HCl 

1 2 3 4 5 

500 µ 
NaOH 

500 µl 
H2O2 

500 µl 
H2O 

STD 

2 ml of the STD was 
transferred into 5  
different test tubes 
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Figure A.6: Roxithromycin standard for specificity analysis 

 

 

Figure A.7: Specificity analysis results using distilled water as reagent 
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Figure A.8: Specificity analysis results using 0.1 M hydrochloric acid as reagent 

 

 

Figure A.9: Specificity analysis using 0.1 M sodium hydroxide as reagent 
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Figure A.10: Specificity analysis using 10% hydrogen peroxide as reagent 

The importance of the conducted specificity experiment is to prove that the degraded samples, 

obtained by adding different reagents to roxithromycin solutions, did not interfere with the 

determination and quantification of roxithromycin.  Figure A.6 illustrates the standard containing 

roxithromycin, and serves as a reference standard when comparing the different samples 

(Figures A.7, A.8, A.9 and A.10).  From the chromatogram in Figure A.7, a peak similar to the 

reference standard can be observed.  The peak contains similarities with regards to the 

absorbance; the retention time is 4.45 min with a difference of 7 sec.  Figures A.8 and A.10 

indicated the added reagent completely degraded roxithromycin, thus yielding no results.  From 

the chromatogram in Figure A.9, it became evident the reagent degraded 60% of the API in 

the sample, thus proving that sodium hydroxide should be used with care during any sample 

preparation, or analytical experiments with roxithromycin.  Despite the varying results, no peak 

interference was visible. 

A.5 Conclusion 

The developed HPLC method for roxithromycin delivered acceptable results regarding linearity, 

accuracy, precision, system repeatability, stability and specificity.  The HPLC process proved to 

be dependable, reproducible and suitable for its intended use of identifying the concentration of 

API in the vesicle system samples.  The accuracy of this method proved to be successful for 

measuring roxithromycin when incorporated into liposomes and may be used to analyse the 

topical delivery of roxithromycin. 

Time (min) 

 0  1  2  3  4  5  6  7   8  9 

0 

1000 

2000 

3000 
A

b
s
o

rb
a
n

c
e

 (
m

A
U

) 

Roxithromycin peak detected at 
4.48 min 



107 
 

References 

APVMA see Australian and Veterinary Medicines Authority. 

Australian Pesticides and Veterinary Medicines Authority.  2004.  Guidelines for the validation of 

analytical methods for active constituents, agricultural and veterinary chemical products.  

http://apvma.gov.au/sites/default/files/docs/guideline-69-analytical-methods.pdf Date of access 

19 Jul. 2017. 

Araujo, P.  2009.  Key aspects of analytical method validation and linearity evaluation.  Journal 

of Chromatography B, 877(2-3):2224-2234.  

Aucamp, M.E., Csongradi, C., Gerber, M & Du Plessis, J.  2016.  A novel RP-HPLC method for 

the detection and quantification of roxithromycin in topical delivery studies.  Pharmazie, 

71(4):175-176. 

Bansal, S. & DeStefano, A.  2007.  Key elements of bioanalytical method validation for small 

molecules.  American Association of Pharmaceutical Scientists, 9(1):E109-E114.   

CDER see Centre for Drug Evaluation and Research. 

Centre for Drug Evaluation and Research.  2001.  Guidelines for industry: Bioanalytical Method 

Validation.  Food and Drug Administration (FDA).  May.  25p.  www.fda.gov/downloads/Drugs/ 

Guidelines/ucm070107.pdf Date of access 17 Aug 2017. 

FDA see Food and Drug Administration. 

Food and Drug Administration.  2001.  Guidance for Industry: bioanalytical method validation.  

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm3

68107.pdf Date of access: 19 Jul. 2017.  

Mark, H.  2003.  Application of an improved procedure for testing the linearity of analytical 

methods to pharmaceutical analysis.  Journal of Pharmaceutical and Biomedical Analysis, 

33(1):7-20. 

ICH see International Conference of Harmonisation. 

International Conference of Harmonisation.  2005.  Validation of analytical procedures: text and 

methodology Q2 (R1).  http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/ 

Guidelines?Quality/Q2_R1/Step4/Q2_R1_Guideline.pdf Date of access: 19 Jul. 2017.  

McPolin, O.  2009.  Validation of analytical methods for pharmaceutical analysis.  United 

Kingdom: Mourne Training Services. p. 1-152. 

http://apvma.gov.au/sites/default/files/docs/guideline-69-analytical-methods.pdf
http://www.fda.gov/downloads/Drugs/Guidelines/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/Guidelines/ucm070107.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines?Quality/Q2_R1/Step4/Q2_R1_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines?Quality/Q2_R1/Step4/Q2_R1_Guideline.pdf


108 
 

Rathmann, D., Rijntjes, E., Lietzow, J. & Köhrle, J.  2015.  Quantitative analysis of thyroid 

hormone metabolites in cell culture samples using LC-MS/MS.  European Thyroid Journal, 4:51-

58. 

Shabir, G.A.  2006.  Step-by-step analytical method validation and protocol in the quality system 

compliance industry.  (In Institute of validation technology, ed.  Analytical method validation. 

Duluth: Advanstar Communications. p.4-14). 

Shabir, G.A., John Lough, W., Arain, S.A. & Bradshaw, T.K.  2007.  Evaluation and application 

of best practice in analytical method validation.  Journal of Liquid Chromatography & Related 

Technologies, 30(3):311-333. 

Snyder, L.R., Kirkland, J.J. & Glajch, J.L.  1997b.  Completing the method: validation and 

transfer.  (In Snyder, L.R., Kirkland, J.J. & Glajch, J.L., eds.  Practical HPLC method 

development.  2nd ed. New York: John Wiley & Sons. p. 685-713.  

UNODC see United Nations Office on Drugs and Crime. 

United Nations Office on Drugs and Crime.  2009.  Guidance for the validation of analytical 

methodology and calibration of equipment used for testing of illicit drugs in seized materials and 

biological specimens.  http://www.unodc.org/documents/scientific/validation_E.pdf Date of 

access: 19 Jul.2017. 

USP see United States Pharmacopoeia. 

United States Pharmacopoeia.  2011.  Validation of compendial procedures.  

http://www.drugfuture.com/Pharmacopoeia/usp35/PDF/08770882%20[1225]%20VALIDATION

%20OF%20COMPENDIAL%20PROCEDURES.pdf 

http://www.unodc.org/documents/scientific/validation_E.pdf
http://www.drugfuture.com/Pharmacopoeia/usp35/PDF/08770882%20%5b1225%5d%20VALIDATION%20OF%20COMPENDIAL%20PROCEDURES.pdf
http://www.drugfuture.com/Pharmacopoeia/usp35/PDF/08770882%20%5b1225%5d%20VALIDATION%20OF%20COMPENDIAL%20PROCEDURES.pdf


109 
 

ANNEXURE B 
PHYSICAL CHARACTERISATION OF THE DIFFERENT SOLID-STATE FORMS OF ROXITHROMYCIN 

B.1 Introduction 

The solubility value provides an indication of the maximum amount of the drug molecule that is 

dissolved completely in a specific volume of the solvent, at a predetermined temperature (Gong 

et al., 2010:1; Steele & Austin, 2009:24).  Pharmaceutical substances presenting with relatively 

poor solubility values account for 40% of the considered list of existing drugs and 70% of 

recently discovered chemical entities (Göke et al., 2017:3; Lim et al., 2017:455).  Consequently, 

the solubility state of an active substance is considered an important parameter that needs to be 

determined, as the solubility performance of the substance remains the most challenging aspect 

in formulation development (Junyaprasert & Morakul, 2015:13; Saffari et al., 2016:52). 

Several solubility experiments performed on roxithromycin monohydrate reported the drug 

exhibits a poor solubility in water, with a recorded experimental solubility value of 0.0335 mg/ml 

in an aqueous medium at 25 °C (Aucamp et al., 2012:467; Biradar et al., 2006:22; Csongradi et 

al., 2017:96; Milne et al., 2016:312).  This regularly leads to insufficient dissolution rates, which 

in return leads to lower concentrations of the substance at the ideal site of action (Aucamp et 

al., 2012:467; Baird & Taylor, 2012:397).  Regardless of the intended administration route, drug 

molecules still need to dissolve in an aqueous medium at some point during the administration 

process of the active substance, in order to be considered as applicable for patient use (Göke et 

al., 2017:3).  With the main purpose of enhancing the aqueous solubility value of these poor 

water soluble pharmaceutical solids, extensive research was done to support the existence of 

more stable forms of the drug presenting with acceptable properties, with the main focus of 

improving the most important physicochemical property, i.e. the solubility (Lin et al., 2015:457). 

It is a well-known fact that pharmaceutical substances present with the ability to exist in several 

solid-state forms (Chavan et al., 2017:1; Ogawa et al., 2015:943).  However, although the 

existence of a number of different solid-states associated with roxithromycin have been 

described in literature, only three solid-state forms will be the focal point of this research study 

(Mallet et al., 2003:459; Milne et al., 2016:312).  The first solid-state form is the crystalline raw 

form of roxithromycin monohydrate and secondly, the two amorphous forms prepared through 

rapid cooling (quenching) of the molten product or the desolvation method using chloroform as 

the solvate (Aucamp et al., 2013:18; Craig et al., 1999:181). 
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Literature describes that each individual solid-state form of the active substance present with 

different characteristics with regards to their morphology, thermodynamics and kinetic 

properties, which in turn will have an impact on the stability and solubility of the API (Aucamp et 

al., 2013:18).  As a result, the prepared amorphous forms of the API proved to exhibit higher 

solubility rates than its crystalline counterpart (Aucamp et al., 2012:467; Aucamp et al., 

2013:18).  Consequently, the use of the structurally enhanced amorphous forms may provide an 

opportunity to improve the solubility, as well as the bioavailability of the drug (Lin et al., 

2015:457).  Although, the amorphous APIs may be advantageous in enhancing the 

bioavailability of the poorly water soluble entities, these systems are thermodynamically 

unstable, presenting with the tendency to revert to the more stable crystalline form during 

manufacturing, handling and storage (Aucamp et al., 2013:18; Craig et al., 1999:179; Laitinen et 

al., 2013:65; Newman et al., 2012:1355). 

To maintain the amorphous state of the APIs within a solid dosage form is the foremost 

challenge for researchers (Lin et al., 2015:458).  In an attempt to possibly bypass and overcome 

the low solubility and stability problems related to the amorphous states, recent studies suggest 

the incorporation of the amorphous solid-states into solid-dispersions, in order to ensure 

superior dissolution rates and higher bioavailability of the active substance (Lin et al., 2015:458; 

Van der Mooten, 2012:79).  A review focused on the evaluation of solid-dispersions proved that 

the bioavailability of several pharmaceutical ingredients improved up to 82% when formulated 

into the previously mentioned encapsulation systems (Newman et al., 2012:1355).  This implies 

that treatment outcomes and efficient use of the compound will consequently improve. 

The rationale of this study was to determine whether the three previously mentioned solid-state 

forms of the API could successfully be included in the formulation of lipid films that will act as 

precursors for the preparation of drug delivery vesicles, i.e. liposomes.  Furthermore, to 

ascertain that the two amorphous forms would remain stable within the lipid film formulations, 

during handling, agitation and exposure to high relative humidity. 

B.2 Preparation of the amorphous solid-state forms of roxithromycin 

The individual solid-state forms of the drug were used during this investigative research study.  

Consequently, the crystalline form of roxithromycin was initially characterised and used as a 

reference to compare its properties to that of the prepared amorphous forms.  Roxithromycin 

monohydrate powder was obtained (DB Fine Chemicals, South Africa) and used to prepare 

both the amorphous forms, i.e. quench cooled and the chloroform desolvated state of the API. 
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B.2.1 Preparation of the quench cooled amorphous solid-state form 

The ‘glassy’ amorphous form of roxithromycin was prepared through the well-known quench 

cooling of the melt method.  The technique consisted of placing a small amount of roxithromycin 

raw material on the surface of the glass Petri dish to form a thin layer, followed by melting the 

sample in a laboratory oven (Binder, Germany) at a set temperature of approximately 

120 ± 3 °C.  Once the crystalline roxithromycin reached a molten stage, the sample was 

removed from the oven and quenched on a cold granite surface at room temperature of 25 °C.  

After complete cooling, the hardened ‘glass’ was broken and scraped off the surface of the Petri 

dish into a suitable container and stored (Aucamp et al., 2012:468). 

 

Figure B.1: Preparation method for the ‘glassy’ amorphous form of roxithromycin:  

(a) crystalline form of roxithromycin on the surface of a glass Petri dish,  

(b) melted roxithromycin, (c) cracked ‘glassy’ amorphous form of roxithromycin 

after rapid cooling of the melt and (d) flakes of the amorphous form of 

roxithromycin after crushing the molten product into smaller pieces. 

B.2.2 Preparation of the chloroform desolvated amorphous solid-state form 

The method of preparation of the chloroform desolvated amorphous form of roxithromycin 

involved recrystallisation of roxithromycin monohydrate from chloroform.  Approximately 4.5 g of 

the crystalline roxithromycin was added to a beaker containing 60 ml chloroform and stirred with 

a magnetic stirring rod while heating the solution at 60 °C (Aucamp et al., 2012:468). 

Crystalline roxithromycin was added continuously until a milky appearance was obtained, which 

indicated the solution was oversaturated with roxithromycin.  In addition, a small amount of 

chloroform was added with a pipette until the once milky solution appeared clear again.  The 

solution was covered with Parafilm® and left in the fume hood at a temperature of 25 ± 2 °C for 
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complete evaporation of chloroform to occur.  Despite dry precipitates being observed on the 

surface of the beaker, it was necessary to place the beaker in an oven (Binder, Germany) for a 

time period of 24 h at 60°C.  On removal from the oven, the sample was left to cool; the dried 

mass was broken into small granules and transferred into storage containers. 

 

Figure B.2: Preparative method to render the amorphous chloroform desolvated form from 

crystalline roxithromycin: (a) roxithromycin monohydrate dissolved in the volatile 

solvent, (b) concentrated mass of roxithromycin the chloroform solvate and  

(c) broken granules of the chloroform desolvated amorphous form after complete 

desolvation. 

B.3 Characterisation of the physical properties of the solid-state forms 

Information regarding the physical character of both the crystalline and amorphous forms of an 

API will determine the behaviour of the molecule in question (Buckton, 2013:126).  Thus, 

several techniques are currently available and have been employed to provide insight regarding 

the molecular packing, shape and size, as well as the degree of crystallinity (Buckton, 

2013:127; Yu, 2001:30). 

Changes in the molecule, i.e. recrystallisation and structural relaxation, can also be recorded 

(Yu, 2001:30).  In addition, these modalities provide information in terms of the thermodynamic 

state of the molecules, which include the enthalpy, entropy, free energy within the molecule and 

the influence thereof in the multi-component systems (Yu, 2001:30).  Despite the fact a number 

of literature reports extensively explain the mechanical strength or the chemical properties of 

the amorphous solids prepared through either quenching of the melt method or desolvation of a 

solvate using chloroform as solvent, these two forms were still compared to roxithromycin 

monohydrate to form a basis for this study. 
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B.3.1 Characterisation methods 

The individual solid-state forms was characterised in terms XRPD, DSC, FT-IR and the purity of 

each sample was confirmed through HPLC.  All of the featured properties were analysed and 

evaluated by means of various techniques as well as laboratory equipment. 

B.3.1.1 XRPD 

Diffraction techniques are perhaps the most conclusive method used to detect and quantify the 

molecular order of any system, providing structural data and phase identification to characterise 

and segregate the crystalline molecules from the amorphous forms (Brittain & Grant, 1999:281; 

Gaisford, 2013:390; Newman & Byrn, 2003:899; Shah et al., 2006:1643).  The unique molecular 

packing within the structure will result in unique and individual powder patterns for each different 

solid-state form (Brittain & Grant, 1999:281). 

The diffraction pattern obtained from the XRPD analysis is shown in diffractograms and plots 

the intensity in counts against the angle of diffraction, degrees two Theta (°2θ).  Each sample 

was measured by means of XRPD to determine the crystalline or amorphous nature the solid-

state form in question.  A PANalytical Empyrean diffractometer (PANalytical, Almelo, 

Netherlands), fitted with a PIXcel3D detector, was used to record the XRPD patterns at an 

ambient temperature.  The samples were uniformly distributed on a zero background sample 

holder and analysed.  The measurement conditions performed on all of the scans are listed in 

Table B.1. 

Table B.1: Measurement conditions for XRPD used in this study. 

Measurement conditions 

Target Cu 

Voltage 40 kV 

Current 30 mA 

Divergence slit 2 mm 

Anti-scatter slit 0.6 mm 

Detector slit 0.2 mm 

Scanning speed 2°/min (step size, 0.025°; step time, 1.0 sec) 

 

B.3.1.2 DSC 

The principle of DSC is to measure the difference in temperature and heat flow between the 

sample as well as the reference cell observed over a certain temperature and time period (Gill 

et al., 1993:931; Raju et al., 2009:S18).  This technique is utilised to differentiate between the 

different solid-state forms based on their individual melting points and heat of fusion, thus 
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providing important thermodynamic information (Gaisford, 2013:390).  This may conclude that 

DSC has the ability to identify the more stable solid-state form in comparison to the metastable 

form, which usually reverts to the previously mentioned state (Aucamp et al., 2013:18; Gaisford, 

2013:390). 

DSC was performed to record the thermal events obtained from the samples containing the 

crystalline and amorphous solid-state forms of roxithromycin.  A Shimadzu (Kyoto, Japan) DSC-

60 apparatus was utilised to record the DSC thermograms; this reports the data in terms of the 

difference in heat flow (mW) against a specific temperature ( °C).  A small quantity of each 

sample (3 – 5 mg) were accurately weighed in an aluminium crimp cell and sealed with an 

unpierced aluminium lid using a crimping tool.  The experimental set up and conditions for DSC 

analysis are listed in Table B.2. 

Table B.2: Experimental set up and conditions for DSC analysis. 

Experimental conditions 

Starting temperature 25 °C 

Maximum temperature 200 °C 

Heating rate 10 °C/min 

Nitrogen flow rate 35 °ml/min 

 

During this study, the thermal events were investigated and the onset temperatures for each of 

the samples were recorded.  Due to glass transition temperatures (Tg) of some of the 

compounds being investigated, it was decided to rather focus on the onset temperatures of 

thermal events, rather than peak temperatures. 

B.3.1.3 FT-IR 

Infrared (IR) spectroscopy is a procedure based on evaluating the vibrations of different atoms 

within a molecule (Stuart, 2004:71).  The reactions of certain bonds between the different atoms 

in the molecular structure, which pulsates faster than other, can be detected and converted in a 

visual presentation, thus a spectrum can be observed (Derrick et al., 1999:4).  Therefore, an IR-

spectrum can be gained by exposing a sample to IR-radiation, followed by calculating the 

amount of radiation absorbed by the molecules at a particular energy wave number.  The 

energy produces a peak, which can be observed in the absorption spectrum, and this 

corresponds to the frequency of the molecule vibrating within a sample.  IR-spectroscopy can 

be a useful aid when the functional groups, or the absence thereof, in a molecule need to be 

identified (Stuart, 2004:71). 
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The IR-spectra was recorded using a Shimadzu IR Prestige-21 spectrophotometer (Kyoto, 

Japan) over a range of 400 – 4000 cm-1.  Potassium bromide (KBr) was used as the 

background reference compound.  Small amounts of the three solid-state forms of 

roxithromycin, as well as the individual components used to prepare the lipid films, were 

transferred into a mortar.   KBr was added to each sample respectively and ground to produce a 

homogenous powder using a pestle.  The mixture was placed in a reflectance cell to determine 

the IR-spectrum for each of the samples. 

 

Figure B.3 An illustration of the different laboratory equipment: (a) A PANalytical Empyrean 

diffractometer, (b) Shimadzu IR Prestige-21 spectrophotometer and (c) Shimadzu 

DSC-60 instrument. 

B.3.2 Results and discussion 

Crystalline solids are characterised by the short- and long-range three-dimensional molecular 

order, thus contributing to the well-defined molecular structure (Craig et al., 1999:179; Yu, 

2001:30).  The physical structures of these crystalline forms are more stable in comparison to 

the non-crystalline amorphous solids (Craig et al., 1999:179).  Amorphous solids presents with 

the highest potential energy between the molecules in the structure, with complete absence of 

the long-range molecular packing (Hancock et al., 2002:74; Laitinen et al., 2013:65; Shah et al., 

2006:1641).  Consequently, the ordered long-range crystalline solids present with distinct 

diffraction peak intensities during the XRPD analysis, whilst the amorphous solid materials 

exhibit broad diffuse scattering haloes not correlated with the crystalline form (Bates et al., 

2006:2339). 

The XRPD diffractograms attained for the different solid-state forms of roxithromycin, which 

were investigated during this study, are displayed in Figure B.4.  It indicates the diffraction data 

for (a) the commercially obtained crystalline form of roxithromycin, (b) the amorphous solid-state 

form of roxithromycin obtained through the eminent rapid cooling (quenching) of the melt 

method, as well as (c) the amorphous solid of roxithromycin gained through the desolvation 

method using chloroform as a solvent. 
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Figure B.4: An overlay of the XRPD patterns of (a) the commercially acquired crystalline form 

of roxithromycin, (b) quench cooled amorphous form of roxithromycin and (c) the 

amorphous chloroform desolvated form. 

In Figure B.4., (a) the diffraction pattern displayed indicates the characteristic crystalline nature 

of the commercially obtained roxithromycin monohydrate, as observed by the higher number of 

high intensity diffraction peaks.  Roxithromycin monohydrate presents with unique diffraction 

peaks at 10.01 and 10.49 °2θ, which corresponds with the data gained from previous studies 

(Aucamp et al., 2012:470; Milne et al., 2016:307).  Additionally, the absence of the high intensity 

diffraction peaks can be observed in Figures B.4.(b) and (c), respectively.  The unique 

diffraction patterns of the prepared solid-state forms resemble that of a drug in the amorphous 

state, given that a distinctive amorphous ‘halo’ can be observed (Aucamp et al., 2012:471).  

Thus, it can be confirmed that the method used during the preparation of the amorphous solid 

material converted the crystalline raw form of roxithromycin into an amorphous habit. 

The three different solid-state forms of roxithromycin were additionally characterised by means 

of DSC.  The presence of a glass transition temperature (Tg) is an indication that the molecular 

structure of the compound resides in the amorphous state (Bates et al., 2006:2333; Hancock et 

al., 2002:73; Newman et al., 2008:4841), in contrast to crystalline solids presenting with sharp 

melting endotherm (Craig et al., 1999:181). 

The thermograms obtained after DSC analysis for (a) the commercially available crystalline form 

of roxithromycin accompanied by (b) the amorphous quench cooled form of roxithromycin, are 

portrayed in Figure B.5.  From the data displayed in Figure B.5.(a) a melting temperature (Tm) of 

roxithromycin can be observed at 121.77 °C, which correlates with the XRPD data indicating the 

crystalline habit of roxithromycin monohydrate.  In comparison to the thermogram obtained from 

Figure B.5.(b), the quench cooled amorphous form underwent a glass transition (Tg), with an 

onset temperature recorded at 87.26 °C. 
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Figure B.5: An overlay of the DSC thermograms obtained for (a) crystalline roxithromycin and 

(b) the quench cooled amorphous form of roxithromycin. 

This value correlates well with the results obtained from previously performed studies (Aucamp 

et al., 2012:472; Van Niekerk, 2011:54).  The quench cooled amorphous form, or roxithromycin, 

is considered as a super cooled liquid above (Tg) and a glass below (Tg), since no other melting 

or crystallisation events were observed at higher temperatures of up to 200 °C (Aucamp et al., 

2012:471; Craig et al., 1999:182). 

 

Figure B.6: An overlay of the DSC thermograms obtained for (a) crystalline roxithromycin 

monohydrate, along with (b) the desolvated chloroform amorphous form. 

The thermograms obtained after DSC analysis for (a) the crystalline form of roxithromycin, 

which was commercially attained, as well as (b) the amorphous form of roxithromycin prepared 

by the process of desolvation of a chloroform solvate are shown in Figure B.6.   From 

Figure B.6.(b), the amorphous form of roxithromycin prepared though desolvation of a 

chloroform solvate underwent a (Tg) at a temperature of 87.00 °C, which implies that the 

preparative method converted crystalline roxithromycin into an amorphous solid.  This data 
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correlates with the results obtained from a previous study (Aucamp et al., 2012:472), as well as 

the XRPD data reported in Figure B.4. 

FT-IR is an additional analytical technique employed to characterise different solid-state forms 

of roxithromycin, since the IR-spectra obtained from the amorphous forms diverges from the 

results recorded for the crystalline compound, due to the broadened peaks associated with the 

amorphous solids.  The peak broadening phenomenon is ascribed to the random arrangements 

of the molecules in the amorphous material (Chieng et al., 2001:14; Yu, 2001:14). 

The vibrational frequencies of roxithromycin monohydrate, as well as the amorphous solid-state 

forms prepared through quenching of the molten product or the desolvation method using 

chloroform as the solvent, were investigated by means of IR-spectroscopy to determine the 

purity of the individual solid-state forms.  Considering the preparative method for the quench 

cooled form requires heating roxithromycin at high temperatures until it melts, followed by the 

rapid cooling of the molten product, whilst chloroform desolvate subjects roxithromycin to toxic 

solvents, it is crucial to determine the purity of the different solid-state forms after preparation. 

The purity of each sample was established by means of HPLC analysis.  The crystalline raw 

compound, along with the quench cooled form presented with a purity of 99.2%, whereas the 

purity of chloroform desolvate was determined as 99.6%.  The values indicate that the API 

stayed intact during the method of preparation and that minimal degradation occurred, this can 

be concluded from the fact that the definitive functional groups of roxithromycin could still be 

detected in the region of 3600 – 2000 cm-1.  Table B.3 lists the individual functional groups, 

along with the conforming wavenumbers of crystalline roxithromycin monohydrate (RM) (Stuart, 

2004:46-47).  For the amorphous solids, i.e. the quench cooled amorphous form (QC) or the 

amorphous form prepared by desolvation of a chloroform solvate (CD); the wavenumbers were 

obtained from the FT-IR spectrums illustrated in Figures B.8 and B.9, respectively. 

The characteristic difference between the FT-IR-spectra for the monohydrate displayed in 

Figure B.7 and the FT-IR results of the amorphous forms in Figures B.8 and B.9 can be 

identified in the region of 4000 – 3200 cm-1.  The purchased raw material presents with 

distinctive absorbance peaks at 3607.04 and 3570.39 cm-1, whilst a single broad band at 

3606.03 and 3607.04 cm-1 can be seen for the quench cooled and chloroform desolvated 

samples, respectively. 

Thus, the broadened bands observed with the amorphous state are due to the loss of the long 

range order of the crystal lattice and the possibility exists that roxithromycin influences the 

hydrogen bonding interactions between the polar lipid groups in phosphatidylcholine (Martínez 

et al., 2017:249; Singh et al., 2012:292).   Identification of the amorphous form of roxithromycin 
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can be accurately determined through the presence of a single broadened peak; this relates 

with previously published FT-IR studies (Aucamp et al., 2013:21; Milne et al., 2016:307). 

Table B.3: Summary of the characteristic absorption bands detected for the three solid-state 

forms of roxithromycin over a range of 3600 – 2000 cm-1. 

Characteristic absorption bands for different solid-state forms  

Function group 

 

Wavenumbers 

(cm-1) 

Roxithromycin 

(RM) 

Amorphous 

(QC) 

Amorphous 

(CD) 

O-H 

(strong and broad) 

4000 – 3500 3607.04 

3570.39 

3606.03 3607.04 

N-H 

(strong and broad) 

3500 – 3000 3499.02 

3465.27 

3424.76 3422.83 

3389.08 

3363.03 

3347.60 

C-H 

(strong and broad) 

3000 – 2500 2982.08 

2940.61 

2878.88 

2839.34 

2971.47 

2936.75 

2879.85 

2831.62 

2968.58 

2936.75 

2879.75 

2830.66 

O-H 

(weak and broad) 

3000 – 2500 2793.05 2787.26 2788.22 

C C 

(weak) 

2500 – 2000 2118.90 

2050.42 

2124.68 2427.52 

2125.65 

 

 

Figure B.7: FT-IR spectrum obtained from the purchased crystalline form of roxithromycin. 
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Figure B.8: FT-IR spectrum obtained for the amorphous form of roxithromycin prepared 

through quench cooling of the melt method. 

 

Figure B.9: FT-IR spectrum obtained for the amorphous form of roxithromycin prepared 

through desolvation of a chloroform solvate. 

B.4 Preparation of the lipid films encapsulating the different solid-state forms 

B.4.1 Ingredients used during the preparation of lipid films 

B.4.1.1 Roxithromycin 

Roxithromycin was the API investigated during this research study.  Previous studies recorded 

a log D value of 1.52 for roxithromycin monohydrate, the amorphous quench cooled and 

chloroform desolvated form (Csongradi et al., 2017:48).  This concludes that the three different 

solid-state forms of the API may possibly be entrapped in the lipid layers of the liposome drug 

delivery system.  Roxithromycin raw material presents with a poor solubility profile when 

dissolved in distilled water and a poor solubility value of 0.0335 mg/ml at temperature of 25 °C 

was recorded (Aucamp et al., 2013:26).  Due to inadequate solubility in an aqueous medium, 
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the amorphous forms were considered with the goal of overcoming the previously mentioned 

disadvantage. 

B.4.1.2 Phosphatidylcholine 

Liposomes are spontaneously formed as the result of unfavourable interactions that occur when 

phospholipids are dispersed in water, producing a microscopic aqueous compartment enclosed 

by a lipid membrane (Santo et al., 2014:154).  These interactions follow due to the amphiphilic 

nature of the phospholipids (Varun et al., 2012:634).  When the lipids are exposed to water, the 

hydrophobic tail groups spontaneously orientate themselves away from the hydrophilic head 

group in the aqueous phase (Vemuri & Rhodes, 1995:95).  This characteristic feature leads to 

the formation of an internal aqueous core which is surrounded by a phospholipid bilayer 

(Gómez-Henz & Fernández-Romero, 2005:10).  Phospholipids are the main components of the 

natural occurring bilayers, and are frequently incorporated during the preparation of liposomes 

to protect the integrity of the bilayer structure (Varun et al., 2012:634; Wiedmer et al., 

2002:427).  Egg phosphatidylcholine of natural origin was used during this study, due to the 

neutral surface charge and was not particularly expensive to obtain (Gómez-Henz & Fernández-

Romero, 2005:10). 

B.4.1.3 Cholesterol 

Cholesterol is an essential component in biological cell membranes, and is commonly used in 

the preparation of liposomes (Bae et al., 2016:318; Liu et al., 2005:29).  This natural occurring 

lipid has the unique ability to enhance the physical and structural properties of the drug delivery 

system through the following: (1) stabilising the membrane in terms of increasing the rigidity of 

the vesicles, (2) modulating the fluidity of the bilayers and (3) decreasing the permeability of the 

membrane to water soluble molecules, which in turn ensures that the vesicle appear less leaky 

(Elsayed et al., 2007:2; Kumar & Rajeshwarrao, 2011:210; Liu et al., 2005:29; Varun et al., 

2012:633).  During the preparation of the lipid films (precursors for liposomes), cholesterol was 

added to enhance the mechanical strength, as it strengthens the molecular packing densities of 

the phospholipids, resulting in stronger bilayers within the vesicle system (Magarkar et al., 

2014:1). 

B.4.1.4 α-Tocopherol 

Tocopherols are collectively referred to as Vitamin E, and have been incorporated into lecithin 

(phosphatidylcholine) liposomes as an anti-oxidant to delay the oxidation process of the lipids 

that could possibly change the bilayer permeability and to prolong the storage life of the vesicles 

(Quinn, 2012:158; Sies et al., 1992:8).  The distinctive anti-oxidative properties of the α-

tocopherol molecule can be ascribed to the chemical structure containing a free hydroxyl group 
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based on its aromatic ring (Engin, 2009:855; Num et al., 2016:4).  During this study, α-

tocopherol was added to the formulation of the lipid films because these vesicles are prone to 

oxidation and the addition of an anti-oxidant will increase the stability of the formulation (Varun 

et al., 2012:633). 

B.4.1.5 Chloroform 

Chloroform is an organic solvent, which is frequently used during the formulation of vesicles, 

since it evaporates readily and is convenient to handle (New, 1990:33).  Chloroform was chosen 

as a possible solvent for the preparation of liposomes, as it facilitates uniform distribution of 

excipients in the lipid bilayers, while protecting the lipids from oxidation during storage (Vemuri 

& Rhodes, 1995:108).  Additionally, chloroform has a low boiling point of 60.5 – 61.5 °C, which 

enables evaporation to occur at low temperatures, avoiding the exposure of excipients to higher 

temperatures than needed (Aucamp et al., 2012:469). 

B.4.2 Method used to prepare the lipid films 

Several methods have been employed to prepare the lipid films, and the method used was 

adapted from the well-known thin film hydration method developed by Bangham and co-workers 

in 1965 (Agarwal et al., 2001:44; Patel & Misra, 1999:358).  This method, formerly known as the 

hand shaking procedure, was extensively researched to prove the effectiveness of this 

technique to produce lipid vesicles (New, 1990:36-38; Varun et al., 2012:638).  The following 

steps indicate the method used during the preparation of the lipid films consisting of different 

solid-state forms of roxithromycin: 

 

The API, cholesterol, phosphatidylcholine and α-tocopherol was accurately 
weighed and dissolved in 10 ml chloroform. 

Lipid film preparation 

The dry lipid film deposited on the flask wall after evaporation was scraped 
off the surface and transferred into storage containers. 

The mixture was transferred into a tin foil covered round bottom flask and 
placed into a pre-heated water bath with a set temperature of 40°C. 

After evaporation of the chloroform, the flask was kept in a vacuum oven over 
night at a temperature of 20 °C to remove the residual solvent. 

The chloroform was removed by means of evaporation using a Rotary 
evaporator at reduced pressure of 310 mBar. 
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B.5 Investigation of the stability of the different solid-state forms of roxithromycin 

Once the physical characterisation and confirmation of the purity of the amorphous forms of 

roxithromycin were complete, the study further progressed towards investigation of the physical 

stability thereof during the preparation of thin films.  These lipid films act as precursors for 

liposome formulation.  The first step of this stability experiment was to confirm the amorphous 

nature of roxithromycin within the thin films after preparation.  Nine thin films were prepared and 

listed in Table B.5.  The nine lipid films contained varying concentrations of cholesterol and egg 

phosphatidylcholine are tabulated in Table B.4.  The concentration of the three different solid-

state forms of roxithromycin remained constant (2% w/w) for all of the lipid films, and each 

concentration level of these two excipients were used to prepare the thin films containing either 

the crystalline form (RM), or the two amorphous form (QC) or (CD).  The XRPD analysis, DSC 

thermal analysis and FT-IR spectrums were again performed on each of the samples. 

Table B.4: Ratios of the excipients used to prepare the different lipid films. 

Ratio of excipients 

Formulation Phosphatidylcholine Cholesterol 

1 4. 1 

2 3 1 

3 3 2 

 

Table B.5: Nine lipid film samples containing 2% (w/w) of the three different solid-state forms 

of roxithromycin in combination with varying concentrations of the excipients. 

Solid-state forms of roxithromycin 

Formulation RM QC CD 

1 RM1 QC1 CD1 

2 RM2 QC2 CD2 

3 RM3 QC3 CD3 

 



124 
 

B.5.1 Roxithromycin monohydrate: lipid films (RM 1 – 3) 

Table B.6: Composition of the lipid films consisting of crystalline roxithromycin (2% w/w) with 

decreasing phosphatidylcholine and increasing cholesterol concentrations. 

Formulation RM Phosphatidylcholine Cholesterol 

1 6.50 mg 236.10 mg 61.40 mg 

2 6.10 mg 207.00 mg 87.30 mg 

3 6.60 mg 178.20 mg 117.50 mg 

 

The XRPD diffractograms obtained from lipid films (RM 1), (RM 2) and (RM 3) compared to the 

purchased crystalline form of roxithromycin, cholesterol and phosphatidylcholine are shown in 

Figure B.10.  The diffraction angles (°2θ) and relative intensities (%) of these compounds are 

listed in Table B.7. 

 

Figure B.10: An overlay of the XRPD diffraction patterns obtained for (a) the crystalline form of 

roxithromycin, (b) cholesterol, (c) phosphatidylcholine and the prepared lipid films 

(d) (RM 1), (e) (RM 2) and (f) (RM 3). 
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Table B.7: Comparison of the XRPD diffraction peaks for the purchased crystalline form of roxithromycin, cholesterol, phosphatidylcholine and 

the lipid films (RM 1), (RM 2) and (RM 3). 

RM Cholesterol Phosphatidylcholine (RM 1) (RM 2) (RM 3) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

- - 5.25 91.07 - - 5.25 15.61 - - - - 

- - - - - - - - - - 5.37 42.61 

- - 6.30 37.96 - - - - - - - - 

6.48 33.59 - - - - - - - - - - 

- - - - - - 6.92 100.00 - - - - 

- - - - 7.12 100.00 - - - - - - 

10.01 100.00 - - - - - - - - - - 

10.12 49.38 - - - - - - - - - - 

- - - - - - 10.38 32.93 - - - - 

10.49 61.30 - - - - - - - - - - 

10.57 59.83 - - - - - - - - - - 

- - 10.61 24.79 - - - - - - - - 

11.85 23.66 - - - - - - - - - - 

- - 11.71 15.10 - - - - - - - - 

12.62 16.71 12.57 20.39 - - - - - - - - 

12.82 26.51 - - - - - - - - - - 

- - 13.14 27.06 - - - - - - - - 

- - - - - - - - - - 13.17 20.34 

- - 14.17 69.29 - - - - - - 14.17 64.59 

- - 15.36 100.00 - - - - - - - - 

- - - - - - - - - - 15.43 74.91 
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- - 16.23 23.07 - - - - - - - - 

- - - - - - - - - - 16.92 87.26 

- - 16.97 81.24 - - - - - - - - 

17.23 18.95 - - - - - - - - - - 

- - 17.35 79.20 - - - - - - - - 

- - - - - - - - - - 17.38 96.10 

18.01 26.93 - - - - - - - - - - 

18.09 24.47 - - - - - - - - - - 

- - 18.14 74.90 - - - - - - - - 

- - - - - - - - - - 18.15 100.00 

- - - - - - - - - - 18.91 90.86 

- - 18.95 18.17 - - - - - - - - 

- - 19.50 18.17 - - - - - - - - 
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From the XRPD diffractograms reported in Figure B.10 (d), it is apparent that the lipid film 

(RM 1) rendered the crystalline form of roxithromycin into an amorphous habit.  A single sharp 

diffraction peak of cholesterol at 5.25 °2θ along with a single peak associated with the 

amorphous phosphatidylcholine at 6.92 °2θ were visible during the XRPD analysis of the lipid 

film.  Although these diffraction peaks were visible within the lipid film, it should be noted that 

the intensity of these peaks was significantly reduced when compared to the crystalline 

counterparts.  As with lipid film (RM 1), the preparation of the lipid film (RM 2) resulted in the 

conversion of the crystalline roxithromycin into an amorphous solid-dispersion in combination 

with phosphatidylcholine and cholesterol as seen in Figure B.10.(e).  This can be concluded 

from the fact that no diffraction peak related to roxithromycin monohydrate could be detected for 

the lipid film (RM 2).  The XRPD data obtained from all of the individual components, as well as 

the formulation of the lipid film (RM 3), can be seen in Figure B.10.(f).  From the XRPD pattern, 

it is evident the formulation resulted in an amorphous-like dispersion, even though diffraction 

peaks, which correlated well with the crystalline peaks of cholesterol in the region between  

10 – 20°2θ, were still visible. 

 

Figure B.11: An overlay of the thermograms obtained after DSC analysis for the lipid films 

which contained the crystalline form of roxithromycin: (a) (RM 1), (b) (RM 2) and 

(c) (RM 3). 

 

Figure B.12: An overlay of the thermograms obtained after DSC analysis for (a) 

phosphatidylcholine and (b) cholesterol. 
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It is apparent from the DSC thermograms depicted in Figure B.11.(a) that the prepared lipid film 

(RM 1) either rendered crystalline roxithromycin monohydrate into the amorphous state, or that 

partial liquefaction of cholesterol in the region of ~ 41 – 48 °C resulted in the solubilisation of the 

crystalline form of roxithromycin during the heating process of the sample.  It is evident from the 

fact that a single melting endotherm of crystalline roxithromycin cannot be identified in the 

observed melting region of ~ 120 °C.  The thermogram illustrates a double peak in the region of 

~ 90 °C, which could be ascribed to either some moisture being retained in the sample after 

preparation, or it could be that a small fraction of crystalline roxithromycin was still present in the 

sample and presented as a double endothermic event.  The lower temperature at which this 

event occurred could be because roxithromycin was mixed with two other excipients. 

It can be deduced from Figure B.11.(b) that the prepared lipid film (RM 2) in combination with 

roxithromycin monohydrate and varying excipient concentrations resulted in an amorphous 

solid-dispersion, due to the fact that no distinctive endotherm or exotherm can be observed from 

the data.  Figure B.11(c) shows an overlay of the DSC thermograms obtained with the lipid film 

formulation (RM 3).  A single small endotherm was detectible in the area of ~ 36.24 °C, which 

can be attributed to the increased cholesterol content incorporated into the film.  However, from 

the DSC data it can be concluded that the formulation of the lipid films (RM 1), (RM 2) and 

(RM 3) resulted in an amorphous solid-dispersion of crystalline roxithromycin. 

 

Figure B.13: An overlay of the FT-IR spectra obtained for the lipid films consisting of the 

crystalline form of roxithromycin: (RM 1) (blue spectrum), (RM 2) (purple 

spectrum) and (RM 3) (pink spectrum). 

The FT-IR spectra of the lipid films (RM 1), (RM 2) and (RM 3) prepared with the crystalline 

commercially obtained roxithromycin in combination with different excipient ratios are illustrated 

in Figure B.13, where a single broadened absorbance band in the areas of 4000 – 3200 cm-1 

can be observed, which serves as an indication the lipid films are amorphous in nature. 
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B.5.2 Quench cooled amorphous roxithromycin: lipid films (QC 1 – 3) 

Table B.8: Composition of the lipid films consisting of the quench cooled amorphous form of 

roxithromycin (2% w/w) in combination with varying concentrations of excipients. 

Formulation QC Phosphatidylcholine Cholesterol 

1 6.70 mg 236.10 mg 60.30 mg 

2 6.00 mg 207.00 mg 87.30 mg 

3 6.20 mg 177.50 mg 116.90 mg 

 

The XRPD diffractograms obtained for the lipid films (QC 1), (QC 2) and (QC 3) compared to 

the amorphous form of roxithromycin obtained through the quench cooling of the melt method, 

along with cholesterol and phosphatidylcholine, are illustrated in Figure B.14.  The diffraction 

angles (°2θ) and relative intensities of the components are listed in Table B.9.  The prepared 

quench cooled amorphous form of roxithromycin did not present with any distinctive diffraction 

peaks, therefore to ensure the amorphous forms remained stable during the lipid film 

formulation, the diffraction peaks of the crystalline form of roxithromycin would be employed as 

a reference. 

 

Figure B.14: An overlay of the XRPD diffraction patterns obtained for (a) the quench cooled 

amorphous form of roxithromycin, (b) cholesterol, (c) phosphatidylcholine and the 

lipid films (QC 1), (QC 2) and (QC 3) prepared with different concentrations of the 

excipients. 



130 
 

Table B.9: Comparison of the diffraction peaks for the crystalline form of roxithromycin, cholesterol, phosphatidylcholine and the assorted lipid 

films (QC 1), (QC 2) and (QC 3). 

RM Cholesterol Phosphatidylcholine (QC 1) (QC 2) (QC 3) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

- - 5.25 91.07 - - - - - - 5.25 84.70 

- - 6.30 37.96 - - - - - - - - 

6.48 33.59 - - - - - - - - - - 

- - - - - - 6.97 21.86 - - - - 

- - - - - - - - - - 7.04 15.18 

- - - - 7.12 100.00 - - - - - - 

10.01 100.00 - - - - - - - - - - 

10.12 49.38 - - - - - - - - - - 

10.49 61.30 - - - - - - - - - - 

10.57 59.83 - - - - - - - - - - 

- - - - - - - - - - 10.59 23.68 

- - 10.61 24.79 - - - - - - - - 

11.85 23.66 - - - - - - - - - - 

- - 11.71 15.10 - - - - - - - - 

- - 12.57 20.39 - - - - - - - - 

12.62 16.71 - - - - - - - - - - 

- - - - - - - - - - 12.80 29.78 

12.82 26.51 - - - - - - - - - - 

- - - - - - 12.94 100.00 - - - - 

- - - - - - - - - - 13.06 26.51 

- - 13.14 27.06 - - - - - - - - 
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- - - - - - - - - - 13.85 43.02 

- - - - - - - - - - 14.16 79.66 

- - 14.17 69.29 - - - - - - - - 

- - 15.36 100.00 - - - - - - 15.37 77.13 

- - 16.23 23.07 - - - - - - - - 

- - - - - - - - - - 16.84 86.96 

- - 16.97 81.24 - - - - - - - - 

17.23 18.95 - - - - - - - - - - 

- - 17.35 79.20 - - - - - - - - 

- - - - - - - - - - 17.36 98.12 

18.01 26.93 - - - - - - - - - - 

18.09 24.47 - - - - - - - - - - 

- - - - - - - - - - 18.13 100.00 

- - 18.14 74.90 - - - - - - - - 

- - - - - - - - - - 18.86 97.10 

- - 18.95 18.17 - - - - - - - - 

- - 19.50 18.17 - - - - - - - - 

- - - - - - - - - - 21.25 58.47 
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The XRPD diffraction patterns illustrated in Figure B.14 show the amorphous habit obtained for 

the lipid films, which was formulated with the amorphous form of roxithromycin after melting and 

quenching of the crystalline counterpart (QC 1), (QC 2) and (QC 3).  The absence of the distinct 

diffraction peaks supplementary to roxithromycin raw material provides conformation that the 

prepared solid-state form of roxithromycin remained amorphous despite the tendency to convert 

to the more stable crystalline form (Biradar et al., 2006:29).  From the diffraction peaks listed in 

Table B.9 for the individual components, a definite small peak due to phosphatidylcholine at 

6.97 °2θ can be observed, since this formulation of the lipid film (QC 1) consisted of the highest 

phosphatidylcholine concentration.  It is worth noting that a second peak at 12.94 °2θ can be 

seen within the formulation, which is in close agreement with the peak obtained from the 

crystalline form.  Regardless of the visible peak, it presents with a low relative intensity (%) and 

could not definitively be ascribed to the raw material as illustrated in Figure B.14.(d).  The 

preparation of the lipid film (QC 2) presents with an ideal amorphous dispersion pattern 

(Figure B.13.(e)). In view of the fact the diffraction peaks of the components could not be 

observed suggested the drug in the phospholipid-cholesterol matrix was either molecular 

dispersed or remained in an amorphous state (Biradar et al., 2006:29).  From Figure B.14.(f), it 

is apparent the lipid film (QC 3) resulted in an amorphous-like dispersion, presenting with the 

highest intensity diffraction peaks in comparison to the resulting lipid films, as this formulation 

contains the highest cholesterol concentration.  Numerous peaks are displayed in the diffraction 

pattern of this formulation, mostly associated with the crystalline nature of cholesterol. 

 

Figure B.15: An overlay of the thermograms obtained after DSC analysis for the lipid films 

which contained the quench cooled amorphous form of roxithromycin: (a) (QC 1), 

(b) (QC 2) and (c) (QC 3). 

The thermograms obtained from the prepared lipid films (QC 1), (QC 2) and (QC 3) are depicted 

in Figure B.15, where small endotherms in the melting region of ~ 41 – 48 °C can be seen for 

lipid films (QC 1) and (QC 2).  From Figures B.15.(a) and (b), there is a clear indication that the 

quench cooled solid material of roxithromycin persisted in an amorphous state within the lipid 
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formulations (QC 1) and (QC 2).  It is presumed from this fact that the reduced melting peaks 

denote the amorphicity of the samples (Baird & Taylor, 2012:397).  The DSC thermograms 

acquired from the phospholipid system (QC 3), do not provide a clear indication of the Tg of the 

quench cooled amorphous form of roxithromycin, and the lack of a sharp endotherm in the 

melting area of 120 °C associated with roxithromycin raw material cannot be detected, thus it 

can be concluded that the film is in an amorphous state (Biradar et al., 2006:29). 

 

Figure B.16: An overlay of the FT-IR spectra obtained for the lipid films consisting of the 

amorphous form of roxithromycin prepared through quench cooling of the melt 

method: (QC 1) (red spectrum), (QC 2) (blue spectrum) and (QC 3) (grey 

spectrum). 

The FT-IR of the phospholipid systems prepared with the amorphous quench cooled solid-state 

form of roxithromycin show significant changes in the spectrum when compared to the raw 

material.  The absorbance peak of the hydroxyl (-OH) stretch of roxithromycin showed peak 

broadening in the area between 3800 – 3200 cm-1, representing interactions between the drug 

and phosphatidylcholine and possibly the reason for stabilising the amorphous forms in the film 

(Singh et al., 2012:293). 

B.5.3 Chloroform desolvated amorphous roxithromycin: lipid films (CD 1 – 3). 

Table B.10: Composition of the lipid films consisting of the chloroform desolvated amorphous 

form of roxithromycin (2% w/w) in combination with varying concentrations of 

excipients. 

Formulation CD Phosphatidylcholine Cholesterol 

1 6.50 mg 235.70 mg 60.60 mg 

2 6.50 mg 208.10 mg 87.60 mg 

3 6.90 mg 178.80 mg 118.30 mg 
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The XRPD diffraction data obtained for the lipid films (CD 1), (CD 2) and (CD 3) was compared 

to the prepared chloroform desolvated amorphous material, as well as the single components 

(cholesterol and phosphatidylcholine), which are shown in Figure B.17.  The diffraction angles 

(°2θ) and the relative intensities (%) for the various compounds are displayed in Table B.11.  To 

ensure the prepared solid-state form of roxithromycin continues to persist in the amorphous 

form, diffraction peaks obtained from roxithromycin monohydrate will be used as an indication. 

 

Figure B.17: An overlay of the XRPD diffraction data obtained for (a) the amorphous form of 

roxithromycin prepared through desolvation of a chloroform solvate,  

(b) cholesterol, (c) phosphatidylcholine and the prepared lipid films (CD 1), 

(CD 2) and (CD 3). 
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Table B.11: Comparison of the diffraction peaks obtained for the purchased crystalline form of roxithromycin, cholesterol, phosphatidylcholine 

and the lipid films (CD 1), (CD 2) and (CD 3) prepared with various excipient concentrations. 

RM Cholesterol Phosphatidylcholine (CD 1) (CD 2) (CD 3) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

Peak 
position 

(°2θ) 

Relative 
intensity 

(%) 

- - 5.25 91.07 - - - - - - 5.25 48.11 

- - - - - - 5.26 19.88 - - - - 

- - 6.30 37.96 - - - - - - - - 

6.48 33.59 - - - - - - - - - - 

- - - - - - 6.94 100.00 - - - - 

- - - - 7.12 100.00 - - - - - - 

10.01 100.00 - - - - - - - - - - 

10.12 49.38 - - - - - - - - - - 

- - - - - - 10.34 34.98 - - - - 

10.49 61.30 - - - - - - - - - - 

- - - - - - - - - - 10.52 16.53 

10.57 59.83 - - - - - - - - - - 

- - 10.61 24.79 - - - - - - - - 

11.85 23.66 - - - - - - - - - - 

- - 11.71 15.10 - - - - - - - - 

- - - - - - - - - - 12.54 25.09 

- - 12.57 20.39 - - - - - - - - 

12.62 16.71 - - - - - - - - - - 

12.82 26.51 - - - - - - - - - - 

- - - - - - - - - - 13.09 27.75 

- - 13.14 27.06 - - - - - - - - 
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- - 14.17 69.29 - - - - - - 14.17 90.73 

- - 15.36 100.00 - - - - - - 15.36 82.98 

- - 16.23 23.07 - - - - - - - - 

- - - - - - - - - - 16.87 100.00 

- - 16.97 81.24 - - - - - - - - 

17.23 18.95 - - - - - - - - - - 

- - - - - - - - - - 17.32 97.45 

- - 17.35 79.20 - - - - - - - - 

18.01 26.93 - - - - - - - - - - 

18.09 24.47 - - - - - - - - - - 

- - - - - - - - - - 18.10 93.52 

- - 18.14 74.90 - - - - - - - - 

- - - - - - - - - - 18.88 79.74 

- - 18.95 18.17 - - - - - - - - 

- - 19.50 18.17 - - - - - - - - 
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The diffractograms obtained after XRPD analysis for the prepared lipid films (CD 1), (CD 2) and 

(CD 3), depicted in Figure B.17, show the amorphous nature of the resulting lipid films 

consisting of the amorphous chloroform desolvated form of roxithromycin incorporated into 

different lipid film ratios.  Considering the lipid film formulation (CD 1) illustrated in 

Figure B.17.(d), the diffuse pattern presents with a relatively small peak at 5.26 °2θ owing to the 

membrane stabilising agent, cholesterol, as well as a visible diffraction peak at 10.34 °2θ in the 

region which corresponds to crystalline roxithromycin, as listed in Table B.11.  Due to the very 

low intensity of this peak, it is impossible to relate this peak positively to its crystalline 

counterpart.  Additionally, the highest intensity at the peak position of 6.94 °2θ relating to 

phosphatidylcholine can be noted, due to the elevated lipid concentration in the formulation.  

The diffraction results of the lipid film (CD 2) are displayed in Figure B.17.(e).  Given that none 

of the characteristic peaks associated with the crystalline form of roxithromycin can be detected 

in the preparation, it can be concluded that the excipients prevented the conversion process of 

the metastable state to the more stable crystalline form.  As a result of increasing cholesterol 

concentrations within the lipid film (CD 3), several noticeable peaks due to cholesterol can be 

observed from Figure B.17.(f), indicating only partial amorphisation occurred (Guo et al., 

2014:54). 

 

Figure B.18: An overlay of the DSC thermograms for the prepared lipid films incorporating the 

chloroform desolvated amorphous form of roxithromycin: (a) (CD 1), (b) (CD 2) 

and (c) (CD 3). 

DSC analysis is a dependable technique employed to screen drug-excipient compatibility and 

provides accurate information with regards to the potential interactions within the sample.  The 

interactions can be determined through the following: elimination of endothermic peak, 

presence of new peaks, changes in the shape, onset, peak temperature and relative enthalpy of 

the peak (Guo et al., 2014:53).  Figure B.18 shows the thermograms for the chloroform 

desolvated samples (CD 1), (CD 2) and (CD 3).  All of the individual samples displayed reduced 

melting endotherms in the region of ~ 41 – 48 °C, which contributes to the notion that the 
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amorphous forms prepared from solvent evaporation remained stable during lipid complex 

formation, since the smaller peaks signify a Tg, indicating an amorphous state. 

 

Figure B.19: An overlay of the spectra obtained after FT-IR analysis for the different lipid films 

prepared with the chloroform desolvated amorphous form of roxithromycin: 

(CD 1) (purple spectrum), (CD 2) (black spectrum) and (CD 3) (red spectrum). 

As shown in Figure B.19, the commercially obtained crystalline form of roxithromycin displayed 

characteristic hydroxyl (-OH) stretching bands at 3607.04 cm-1 and 3570.39 cm-1, which was 

absent in the diagram obtained from the lipid films (CD 1), (CD 2) and (CD 3) prepared with the 

amorphous form of roxithromycin after solvent evaporation.  The prominent hydroxyl peaks 

faded due to interactions between drug and phosphatidylcholine, resulting in a strong lipid 

complex (Guo et al, 2014:54).  A broad peak can be observed due to the un-structured 

organisation of the particles in the amorphous lattice. 

B.6 Conclusion 

B.6.1 Summary of the lipid films RM 1 – 3 

An overlay of the XRPD diffraction patterns obtained with the lipid films (RM 1 – 3) is shown in 

Figure B.20.  It is evident that all three formulations comprising of the crystalline raw material 

resulted in an amorphous solid-state, as definitive diffraction peaks correlating with 

roxithromycin cannot be detected.  From the data, it can be concluded that the formulation of 

the lipid films delivered the crystalline roxithromycin into an amorphous state.  Although the 

patterns indicate an amorphous nature, lipid film (RM 1) is the only one that presents with a 

crystalline peak of roxithromycin, whilst peaks contributing to cholesterol can be observed with 

lipid film (RM 3).  This observation suggests that partial conversion to the amorphous state 

occurred.  Formulation 2 presents with the greatest ability to convert the API into an amorphous 

solid-state form, followed by Formulation 3 and lastly, Formulation 1. 
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Figure B.20: An overlay of the XRPD diffractograms of the three lipid films obtained with the 

crystalline form of roxithromycin, prepared to contain decreasing concentrations 

of phosphatidylcholine and increasing cholesterol content displaying (a) (RM 1), 

(b) (RM 2) and (c) (RM 3). 

B.6.2 Summary of the lipid films QC 1 – 3 

The XRPD results of the lipid films (QC 1 – 3) can be observed in Figure B.21.  It is evident that 

the excipients used in the formulation of the dispersions prevented the conversion of the 

amorphous form of roxithromycin into its crystalline counterpart, thus stabilising the drug in the 

phospholipid complex.  Lipid film (QC 1) is the only formulation of all the films that presents with 

a peak similar to the crystalline form of roxithromycin at 12.94 °2θ, thus indicating the 

amorphous form possibly reverted to the more stable form.  Peaks associated with cholesterol 

can be seen in lipid film (QC 3), thus it can be concluded that the lipid complex was successful 

in stabilising the amorphous drug, but that the cholesterol content in the formulation was too 

high resulting in precipitation of the membrane stabilising agent.  The XRPD data obtained for 

lipid film (QC 2) shows an ideal solid-dispersion, where the components are molecularly 

dispersed within a stable solid-dispersion system.  This can be an indication that the molecular 

ratios has an important effect on the stabilisation mechanism.  Consequently, Formulation 2 is 

an ideal candidate for stabilising the quench cooled amorphous form of roxithromycin. 
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Figure B.21: An overlay of the XRPD diffractograms of the three lipid films obtained with the 

quench cooled amorphous form of roxithromycin, including the incorporation of 

different concentrations of cholesterol and phosphatidylcholine showing  

(a) (QC 1), (b) (QC 2) and (c) (QC 3). 

B.6.3 Summary of the lipid films CD 1 – 3 

From the diffractograms displayed in Figure B.22, it is evident that the lipid film (CD 2) shows 

promising characteristics in the stabilisation of the amorphous forms within the lipid films.  This 

can be concluded from the fact that peaks are absent in the film. 

 

Figure B.22: An overlay of the XRPD diffractograms of the three lipid films obtained after the 

preparation of the chloroform desolvated form of roxithromycin, cholesterol and 

phosphatidylcholine  describing (a) (CD 1), (b) (CD 2) and (c) (CD 3). 
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ANNEXURE C 
FORMULATION AND CHARCTERISATION OF LIPOSOMES FOR TOPICAL DELIVERY 

C.1 Introduction 

The multi-layered structure of the human skin is considered an important barrier and therefore, 

can influence dermal absorption and penetration by potentially restraining an API from reaching 

its target disposition site (Münch et al., 2017:235; Williams, 2013:680).  In addition to the barrier 

provided by the organisation of the various layers of the skin, the physicochemical properties of 

the API is also regarded as one of the main limiting factors in managing drug transport into 

and/or through the skin (Williams, 2013:680).  Thus, APIs presenting with favourable 

physicochemical properties are considered ideal candidates for successful topical drug delivery 

(Malinovskaja-Gomez et al., 2017:294). 

Roxithromycin has the potential to be added to the list of topical formulations for the treatment 

of various skin infections residing on the surface and/or within the deeper skin layers.  It has a 

broad spectrum of activity against a wide variety of bacterial, as well as several atypical micro-

organism populations, an improved pharmacokinetic profile when compared to other macrolide 

antibacterial agents and lower bacterial resistance in comparison to more conventional antibiotic 

therapy, such as erythromycin and clindamycin (Aucamp et al., 2012:467; Csongradi et al., 

2017: 97; Jeong et al., 2017:243: Wosicka-Frąckowiak et al., 2015:808).  Currently, this API is 

of limited therapeutic use, given that an established topical formulation has not been formulated 

due to its poor solubility profile in an aqueous medium (Aucamp et al., 2012: 467; Główka et al., 

2014:76). 

Previous studies confirmed that the preparation of the amorphous forms of the API form its 

crystalline counterpart, by rapidly cooling (quenching) the molten product on a cold surface or 

the desolvation method using chloroform as solvent, increased the solubility value of 

roxithromycin by ± 1800.0% and 505.9%, respectively (Liebenberg & Aucamp, 2013; 

Liebenberg et al., 2013).  The inclusion of the crystalline form of a number of pharmaceutical 

substances within solid-dispersions increased the solubility of the APIs by up to 82.0% 

(Newman et al., 2012:1355).  The encapsulation of the different solid-state forms of 

roxithromycin within liposomes however is a formulation strategy that still needs to be explored. 

Literature states that liposomes are nano-sized vesicles, thus making this carrier system ideal 

for the delivery of APIs to the skin.  The versatile features of liposomal vesicles are highly 

dependent on the methods used during the preparation, phospholipids, as well as the ratios of 
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the excipients in the composition of this carrier system (Bansal et al., 2012:705; Varun et al., 

2012:635; Vélez et al., 2017:174).  To be considered as a skin delivery system these liposomes 

should be stable.  Studies have proved liposomes with a low polydispersity index (PdI), and 

either a highly positive, or negative charge on the surface of the droplets within the formulation 

are stable.  Thus, liposomes can be considered as potential vehicles for APIs with less than 

ideal features (Malinovskaja-Gomez et al., 2017:296; Shah et al., 2014:62).  The success of 

liposomes as a drug delivery system is related to its ability to encapsulate hydrophilic drugs in 

the internal aqueous core and hydrophobic APIs within the lipid enriched bilayers, thus ensuring 

specific delivery of the drug to the target-site with increased bioavailability, which in turn leads to 

successful topical delivery of a number of APIs to the skin (Deepthi & Kavitha, 2014:48; Jain et 

al., 2014:2). 

Since the physicochemical properties of both the permeant and the vesicle system determines 

the drug flux though the various skin layers, it was important to evaluate certain characteristic 

properties.  Evaluation of these properties will provide information with regards to the physical 

and chemical stability of the formulation in question (Chime et al., 2014:95; Williams, 2013:680).  

Important characteristics describing the physical and chemical state of the individual liposome 

formulations were gained after analysis of the vesicles in terms of morphology and structure of 

the vesicles, size and distribution of the droplets in the dispersion, pH and zeta-potential, as well 

as entrapment efficiency (%EE) of the vesicle system (Chime et al., 2014:95; Drulis-Kawa & 

Dorotkiewicz-Jach, 2010:188). 

A recent investigative study proved that a variety of drug delivery vesicles have the ability to 

accommodate the two amorphous solid-state forms of roxithromycin with the main purpose of 

successful topical drug delivery.  From the data collected from this study, it became evident that 

the incorporation of the API within the vesicle preparation resulted in improved and targeted 

drug delivery (Csongradi et al., 2017:96).  This project aims to elaborate on the current vesicle 

delivery technology by including the different solid-state forms of roxithromycin into liposomes 

as a prototype delivery system.  The stability and physical characteristics of the prepared solid-

state forms of the API were investigated, as described in Annexure B.  The study evaluated the 

physicochemical properties of liposome formulations consisting of different excipient ratios to 

establish whether it adhered to the requirements for successful topical drug delivery. 

C.2 Formulation of liposome vesicle systems 

C.2.1 Ingredients used in the formulation of liposomes 

Liposomal preparations are usually based on the incorporation of either natural or synthetically 

obtained phospholipids in conjunction with other constituents, such as cholesterol (Laouini et 

al., 2012:147; Pierre & Costa, 2011:608).  Table C.1 lists the ingredients used during the 
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formulation of liposomes.  During this research study, phosphatidylcholine obtained from a 

natural resource was the lipid of choice, since lecithin appeared to be soluble in a wide variety 

of solvents and readily produced stable vesicles by means of several preparative methods 

(Narenji et al., 2016:88; Nii et al., 2002:324).  Cholesterol is an additional component frequently 

added to the liposome formulations to enhance and maintain the structural integrity and stability 

of the lipid vesicles (Ju et al., 2017:217).  It was suggested that a small quantity of α-tocopherol 

be added to the liposome formulation to stabilise the lipid membrane and to decrease oxidation 

of liposomes during manufacturing, handling and storage.  The presence of light, heat, oxidation 

and hydrolysis has a significant effect on the integrity of the lipids, consequently decreasing the 

stability of the liposomes within the topical formulation (Pierre & Costa, 2011:608; Quinn et al., 

2012:159).  The function and activity of each of the excipients used during the preparation of the 

liposomes are discussed fully in Annexure B. 

Table C.1: Excipients, functions, suppliers and batch numbers of the materials used in the 

composition of the liposomes encapsulating the different solid-state forms of the 

API 

Excipients Functions Suppliers Batch numbers 

Roxithromycin API DB Fine Chemicals 07417006-RX 

Egg lecithin 

(L-α-phosphatidylcholine) 

Penetration 
enhancer 

Sigma-Aldrich BCBS 6626 V 

Cholesterol 
Membrane 
stabiliser 

Sigma-Aldrich SLBD 3586 V 

Tocopherol 

(DL-ɑ-tocopherol) 

Lipophilic 
antioxidant 

Sigma-Aldrich MKBS 2517 V 

Chloroform Solvent Merck 67-66-3 

Milli-Q® water Hydration medium In house Direct Pure UP 

 

C.2.2 Preparative method used during the formulation of liposomes 

The method of preparation used during the formulation of liposomes was adapted from the well-

known thin-film hydration technique, more commonly referred to as the hand shaking method 

(Agarwal et al., 2001:44; New, 1990:36-38; Patel & Misra, 1999:358). 

The preparative method of the liposomes required the following: 

 The different solid-state forms of roxithromycin, phosphatidylcholine and cholesterol 

were weighed and dissolved in 10 ml chloroform and a drop of α-tocopherol was added 

to the beaker containing the dissolved solution (Figure C.1.a). 

 The solution was transferred to a 1000 ml round bottom flask and placed into a 

preheated water bath at a set temperature of 40°C. 
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 The solvent was removed by evaporation using a Buchi Rotavapor® (Flawil, Switzerland) 

at reduced pressure of 310 mBar, whilst the flask rotated at 180 rpm until a smooth, dry 

lipid film was visible on the surface of the flask (Figure C.1.b). 

 After the evaporation process was complete, the flask was kept overnight in a laboratory 

vacuum oven (Binder, Germany) at an ambient temperature to ensure the residual was 

completely removed (Figure C.1.c). 

 The dry lipid film was hydrated with 10 ml distilled water and agitated using a magnetic 

stirring rod for approximately 2 h at 25 °C (Figure C.1.d). 

 The milky liposome suspension was sonicated using an ultrasonicator (Model UP 200St, 

Hielscher Ultrasonics, and Teltow, DE) for 2 min, whilst the sample was kept in an ice 

bath.  The sonication process was employed to ensure the liposomes in the dispersion 

presented with vesicles, which are small and uniform in size (Figure C.1.e). 

 The samples were left to hydrate at an ambient temperature for at least 2 h for optimal 

swelling to occur and stored in the refrigerator (Figure C.1.f). 

 

Figure C.1: Formulation process employed for all of the liposome preparations: a) dissolve 

the API and excipients in chloroform in a round bottom flask; b) evaporate 

solvent; c) dry lipid film on the surface of the flask; d) hydrate the lipid film with 

purified water; e) sonicate the milky solution for 2 min; f) allow final liposome 

product to hydrate at room temperature 

a) b) c) 

d) e) f) 



 

150 
 

A systemic representation of the formulation process used during the preparation of the different 

liposomes are displayed in Figure C.1.  This formulation modality was employed for each of the 

different liposomes formulated, without the API or encapsulating the different solid-state forms 

of roxithromycin. 

C.3 Preparation of liposomes formulated without the API 

Table C.2 gives the different formulas used to formulate the placebo (without API) liposomes 

with a phosphatidylcholine: cholesterol ratio of 4:1 (PL 1), 3:1 (PL 2) and 3:2(PL 3). 

Table C.2: Composition of the vesicles without the pharmaceutical solid in different ratios of 

phosphatidylcholine and cholesterol 

Excipients 
Formula 1 

(PL 1) 

Formula 2 

(PL 2) 

Formula 3 

(PL 3) 

Lecithin 807.0 mg 702.7 mg 603.9 mg 

Cholesterol 203.9 mg 304.0 mg 403.4 mg 

α-Tocopherol 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 

 

C.3.1 Characterisation results of liposomes formulated without the API 

C.3.1.1 Light microscopy 

Microscope imaging techniques, such as light microscopy, are valuable aids to consider when 

information is required regarding the morphological properties of the vesicles (Silva et al., 

2012:862).  Beneficial information providing descriptive insight to the structure, size and 

vesicular shape, as well as the aggregation conditions of the droplets within the dispersion, can 

be accomplished by microscopic evaluation (Silva et al., 2012:862; Wibroe et al., 2016:1). 

Light microscopy experiments were performed using a Nikon Eclipse microscope (E4000) fitted 

with a Nikon DS-Fi1 camera (Nikon, Japan) (Figure C.2).  Each of the individual samples were 

freshly prepared, and only 1 ml of the milky lipid solution was transferred into a 50 ml glass 

beaker using a micropipette and diluted with 20 ml distilled water.  A single drop of the diluted 

mixture was placed in a quartz sample holder to be viewed using 50 x magnifications. 
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Figure C.2: Nikon Eclipse E4000 microscope 

The light microscopy outcomes for the prepared vesicular samples (PL 1, PL 2 and PL 3) are 

depicted in Figure C.3.  This imaging technique was used to determine whether vesicles formed 

after the preparation of liposomes consisting of different excipient ratios.  Light microscopy was 

employed because this modality is cheaper, more convenient and readily available to confirm 

the vesicle formation (Laouini et al., 2012:147). 

 

Figure C.3: Micrographs of the vesicle formation of (a) PL 1, b) PL 2 and c) PL 3 

This technique was performed to ensure that vesicle formation did indeed take place during the 

preparation of the individual samples without any API in the formulation, in the presence of 

different concentrations of phosphatidylcholine and cholesterol.  The micrographs captured of 

the samples (PL 1, PL 2 and PL 3) are illustrated in Figure C.3.  The structure, shape, size, as 

well as the lamellarity of the vesicles were observed to conclude whether formation took place 

(Agarwal et al., 2001:45; Walde et al., 1994:11650).  It was challenging to observe the shape 

and size of the miniscule vesicles in the formulations by means of light microscopy because the 

low magnification limited the evaluation of the vesicles, and only the larger droplets could be 

a) b) c) 
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viewed.  It should be kept in mind however that several vesicles possibly formed during the 

preparative method despite the fact they were not visible. 

From the micrographs obtained from the three samples, each preparation presented with a 

vesicle that was small and with a well-rounded shape, and dispersed in a relatively large 

aqueous environment (Elzainy et al., 2005:282).  PL 1 (Figure C.3.a) presented with numerous 

small droplets, which were uniform in size and shape, whilst PL 2 (Figure C.3.b) and PL 3 

(Figure C.3.c) showed a combination of small and large vesicles, and the amount of vesicles in 

PL 3 were significantly reduced.  The size of the vesicles could not be determine accurately by 

means of conventional light microscopy techniques, due to the small stature of the lipid vesicles, 

and it was considered impossible to ascertain the nano-sized liposomal vesicles.  Therefore, 

additional investigations of these vesicles by means of TEM were essential. 

C.3.1.2 Transmission electron microscopy 

TEM was performed as an additional method to validate the morphological characteristics of the 

vesicles dispersed within the formulation (Ammar et al., 2011:142).  This analysis technique 

proved to be superior in comparison to other imaging methods such as conventional light 

microscopy, due to the higher resolution and greater magnification of the microscope (Laouini et 

al., 2012:156; Wibroe et al., 2016:3).  The modality provides adequate preservation of the lipid 

vesicles, thus ensuring a well-defined visual presentation of the size and structural shape of the 

vesicles and other impurities or anomalies present within the prepared sample (Chime et al., 

2014:96; Silva et al., 2012:862; Wibroe et al., 2016:3). 

 

Figure C.4: FEI Technai G2 high resolution transmission electron microscope 
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A drop of the freshly prepared hydrated sample of the individual formulations was placed on the 

microscopic carbon-coated copper grid by means of a micropipette and left to dry for at least 

10 min.  A drop of osmium tetroxide was added to the grid, to gain a high quality contrast image 

of the vesicles (Chime et al., 2014:96; Mason et al., 1976.281; Nomaki et al., 2015:33).  The 

phospholipids in the formulation reacted with the negative osmium tetroxide stain; therefore the 

vesicles could be identified and readily evaluated with ease (Mason et al., 1974:281; Nomaki et 

al., 2015:33).  The stained carbon-coated grid was allowed to air dry for an additional 30 min 

and analysed.  The samples were subjected to evaluation by means of a FEI Tecnai G2 TEM 

microscope (FEI, Holland) (Figure C.4), operated and managed with the expertise of Dr A 

Jordaan at the Electron Microscopy Laboratory (North-West University, Potchefstroom). 

The micrographs of these vesicle systems, which were examined, are displayed in Figure C.5.  

TEM was performed on the three sonicated liposome samples (PL 1, PL 2 and PL 3).  TEM was 

employed to establish whether all of the individual liposomes did in fact produce vesicles. 

The results obtained after TEM analysis of PL 1, PL 2 and PL 3 are shown in Figure C.5.  The 

appearance of well-formed vesicles with a distinctive spherical shape can be observed.  The 

darker circular regions illustrate the vesicular membranes, as osmium tetroxide fixed to the 

unsaturated fatty acid of the phospholipids, whilst the lighter area represents the aqueous core 

of each liposome.  From the TEM micrographs (Figure C.5.a and Figure C.5.b), it is observed 

that PL 1 and PL 2 formed perfect spheres, whilst PL 3 rendered an almost perfect sphere, as 

an oval profile can be noted in Figure C.5.c.   It is apparent that each vesicle sample presented 

with strong and intact lipid membranes, indicating the preparative method produced sturdy lipid 

vesicles for possible topical drug delivery.  These samples verified the formation of vesicles and 

allowed for further testing of the characteristic properties of the formulations. 

 

Figure C.5: Micrographs of the formed liposomes: a) PL 1, b) PL 2 and c) PL 3 

C.3.1.3 Droplet size and distribution 

Photon correlation spectroscopy (PCS) is a renowned analytical process, which can be used to 

effectively establish the size of the droplets, as well as the distribution of droplets contained in a 

a) 

100 nm 

33.69 nm 

b) 

100 nm 

27.79 nm 

c) 

100 nm 

45.18 nm 
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lipid dispersion (Badran et al., 2012:3; Chime et al., 2014:96; Patravale et al., 2004:833).  The 

focal point of this technique is to measure the total scattered light from an ensemble of droplets 

as the result of those following the Brownian motion within the suspension (Chime et al., 

2014:96; Patel & Misra, 1999:360; Wibroe et al., 2016:6).  It is important to assess the crucial 

qualities of the dispersion under investigation, since the size of the droplets, as well as the way 

in which they are dispersed, has an influence on the performance of the API at the site of action 

which includes: the absorption, dissolution, solubility, release and most importantly the stability 

of the droplets in the formulation (Patravale et al., 2004:833; Reddy et al., 2013:88). 

 

Figure C.6: Characterisation of liposomes: a) A clear disposable zeta cell and b) Malvern 

Zetasizer Nano ZS 2000. 

The stability of the liposomes are highly dependent on the ingredients as well as the preparation 

method used to form these vesicle systems.  It is important to keep the formulation aspects in 

mind, since the amount of vesicles, size and the surface charge of the vesicles could be altered 

according to the aforementioned statement (Kumar & Rajeshwarrao, 2011:213; Shaji & Bhatia, 

2013:154).  The PdI value is used to evaluate the size of the droplets and to predict whether the 

droplets are uniformly dispersed within the dispersion (Chime et al., 2014:97; Patravale et al., 

2004:833).  The average size of the vesicles and the distribution of the droplets are listed in 

Table C.3.  The average size of the droplet and the PdI of the formulations consisting of the 

different forms of roxithromycin were measured by means of a Malvern Zetasizer Nano ZS 

(Malvern Instruments, Worcestershire, UK) (Figure C.6.b).  Approximately 1 ml of the freshly 

prepared hydrated sample was transferred into a 50 ml glass beaker and diluted with 20 ml 

distilled water, in order to reduce the amount of the droplets within the sample (Gaumet et al., 

2008:7).  A clear disposable zeta-cell (DTS1070 folded capillary cell) (Figure C.6.a) was used to 

analyse each sample, which was filled with approximately 2 ml of the diluted sample by means 

of a syringe.  Analyses of the individual samples were performed in triplicate and the average 

size and PdI was determined.   

a) b) 
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Table C.3: Average size and PdI for the three preparations of the liposomes containing no 

API 

Placebo Measurements 
Average droplet size 

(d.nm) 
Average PdI 

PL 1 113.3 110.6 109.8 111.200 ± 1.834 0.274 ± 0.005657 

PL 2 118.0 114.1 115.2 115.800 ± 2.011 0.311 ± 0.039598 

PL 3 131.9 127.1 123.1 127.400 ± 4.406 0.285 ± 0.007071 

 

 

Figure C.7: Size distribution of PL 1 

 

Figure C.8: Size distribution of PL 2 

 

Figure C.9: Size distribution of PL 3 
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C.4 Preparation of the liposomes encapsulating the API 

Formulations containing 2% of each solid-state form were formulated, namely the crystalline 

form (RM), quenched cooled (QC) and chloroform desolvated (CD) form.  Tables C.4 to C.6 

give the ratios and amount of each solid-state form in the dispersions. 

Table C.4: Formulas of the liposome preparation consisting of 2% (w/v) of the different solid-

state forms of roxithromycin with a phosphatidylcholine: cholesterol ratio of 4:1 

Excipients RM 1 QC 1 CD 1 

Roxithromycin 201.1 mg 201.7 mg 201.1 mg 

Egg lecithin 641.4 mg 641.8 mg 643.0 mg 

Cholesterol 161.6 mg 163.4 mg 161.1 mg 

α-Tocopherol 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 

 

Table C.5: Formulas of the liposome preparation consisting of 2% (w/v) of the different solid-

state forms of roxithromycin with a phosphatidylcholine: cholesterol ratio of 3:1 

Excipients RM 2 QC 2 CD 2 

Roxithromycin 200.3 mg 201.6 mg 202.6 mg 

Egg lecithin 561.3 mg 560.7 mg 562.6 mg 

Cholesterol 240.4 mg 240.1 mg 240.2 mg 

α-Tocopherol 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 

 

Table C.6: Formulas of the liposome preparation consisting of 2% (w/v) of the different solid-

state forms of roxithromycin with a phosphatidylcholine: cholesterol ratio of 3:2 

Excipients RM 3 QC 3 CD 3 

Roxithromycin 200.3 mg 203.3 mg 200.3 mg 

Egg lecithin 481.6 mg 480.8 mg 481.6 mg 

Cholesterol 321.6 mg 322.7 mg 320.3 mg 

α-Tocopherol 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 
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C.4.1 Characterisation results of the liposomes encapsulating the API 

C.4.1.1 Light microscopy 

The light microscopy outcomes obtained for the liposomes encapsulating the solid-state form of 

roxithromycin are displayed in Table C.7.  Light microscopy evaluations were performed to 

prove that the formation of the vesicles took place, and to conclude if the liposomes would 

remain stable during the encapsulation of the crystalline (RM), and the two amorphous forms of 

roxithromycin (QC and CD).  The analysis of the carrier systems observes the size, shape and 

lamellarity of the larger vesicles in the sample to verify the efficacy of the vesicles as delivery 

systems (Agarwal et al., 2001:45; Walde et al., 1994:11650). 

Table C.7: Micrographs of the vesicle systems formulated with different solid-state forms of 

roxithromycin viewed using light microscopy 

 RM QC CD 
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Several micrographs were captured, but only one is shown to represent the vesicle system with 

the different solid-state forms of roxithromycin.  The light microscopy results showed the larger 

vesicles entrapping the crystalline form of roxithromycin (RM), as well as the amorphous forms 

gained from quench cooling of the melt (QC), or desolvation of a chloroform solvate (CD).  

Table C.7 depicts the nine vesicle systems, which formed small spherical droplets suspended in 

the solution.  Despite the fact the vesicles could clearly be seen with the conventional light 

microscope, it may be more difficult to view the droplets from these micrographs, yet this 

imaging technique was used to confirm that vesicles formed during formulation (Graves, 

2008:44).  From the results displayed in Table C.7, it is apparent the included API altered the 

shape of the lipid vesicles, and a well-formed oval shape can be observed.  It is an important 

consideration, since the shape of the droplets would influence the delivery of the API to the 

stratum corneum via the intercellular route (Gaikwad, 2013:5).  Although the shape of the 

liposomes was altered, the majority retained a semi-spherical shape and therefore the topical 

delivery of the API would not be compromised.  According to Patel and Misra (1999:364), the 

preparative method yields multilamellar vesicles with more than one bilayer, hence it was 

challenging to make conclusive observations regarding the bilayer properties, due to the small 

nature of the vesicles viewed by light microscopy (Bibi et al., 2011:144). 

C.4.1.2 Droplet size and distribution 

The average droplet size (nm) and PdI for the different liposomes can be observed in Table C.8.  

The average size, as well as the distribution of the droplets within the dispersion, was measured 

to determine which formulation prepared with the different solid-state forms of roxithromycin 

would yield a stable and uniform vesicle system with an optimal size range for effective topical 

delivery. 

Table C.8: Comparison of the average droplet size (nm) and PdI for the devised vesicle 

systems encapsulating the crystalline form (RM) of roxithromycin, as well as the 

amorphous solid-state forms (QC and CD) of roxithromycin 

Dispersion 
Average diameter 

(nm) 
Average polydispersity index 

(PdI) 

RM 1 168.667 ± 1.504 0.189 ± 0.014 

QC 1 165.433 ± 0.726 0.240 ± 0.006 

CD 1 169.333 ± 2.301 0.272 ± 0.008 

RM 2 210.633 ± 2.156 0.170 ± 0.020 

QC 2 202.333 ± 0.643 0.185 ± 0.006 

CD 2 207.367 ± 3.258 0.136 ± 0.016 

RM 3 341.900 ± 13.896 0.416 ± 0.009 

QC 3 326.800 ± 4.530 0.355 ± 0.006 

CD 3 286.367 ± 3.828 0.235 ± 0.011 
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The success of a topically applied formulation is extremely dependent on both the size and 

distribution of the droplets within the formulation (Shaji & Bhatia, 2013:154).  Consequently, 

both the vesicle size and the way in which the droplets are dispersed within the formulations 

significantly influence the overall stability of the topical formulation and the ability of each of the 

vesicles to encapsulate the drug effectively.  The values obtained after the analysis of the 

liposomes can be used to conclude whether the preparation is suitable for delivery of the APIs 

to certain areas of the skin (Gaumet et al., 2008:2; Kumar & Rajeshwarrao, 2011:213).  

Microscopic analysis revealed that liposomes are small vesicles with an internal aqueous core 

surrounded by external lipid bilayers (Kumar & Rajeshwarrao, 2011:213).  Studies have shown 

that vesicles with an average size of 600 nm or less have the ability to penetrate the skin with 

ease, compared to larger liposomes, with a diameter of 1000 nm or greater, which will tend to 

remain on the surface of the lipophilic stratum corneum layer (El Maghraby et al., 2008:212; 

Gaumet et al., 2008:2).  The average sizes of the nine different liposome formulas are illustrated 

in Figure C.10. 

 

Figure C.10: Average droplet size (nm) of the different liposomes 

The individual solid-state forms of roxithromycin were encapsulated within the bilayers of the 

liposomes and the results obtained after analysis of the liposomes are displayed in Figure C.11 

(RM 1), Figure C.12 (QC 1) and Figure C.13 (CD 1).  The average droplet sizes of RM 2, QC 2 

and CD 2 are depicted in Figures C.14, C.15 and C.16, respectively.  The average droplet sizes 

of RM 3, QC 3 and CD 3 can be observed in Figures C.17, C.18 and C.19. 
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Figure C.11: Average vesicle size (nm) of RM 1 measured per vesicle radius 

 

Figure C.12: Average vesicle size (nm) of QC 1 measured per vesicle radius 

 

Figure C.13: Average vesicle size (nm) of CD 1 measured per vesicle radius 
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Figure C.14: Average vesicle size (nm) of RM 2 measured per vesicle radius 

 

Figure C.15: Average vesicle size (nm) of QC 2 measured per vesicle radius 

 

Figure C.16: Average vesicle size (nm) of CD 2 measured per vesicle radius 
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Figure C.17: Average vesicle size (nm) of RM 3 measured per vesicle radius 

 

Figure C.18: Average vesicle size (nm) of QC 3 measured per vesicle radius 

 

Figure C.19: Average vesicle size (nm) of CD 3 measured per vesicle radius 
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Distribution of various droplets within the formulation is an additional characterisation parameter 

that contributes to the stability of the formulation intended for application on the skin.  The way 

in which the droplets are spread throughout the formulation can best be portrayed by the PdI 

value (Shah et al., 2014:65; Shakeel et al., 2007:6).  Consequently, the PdI values of the 

vesicles can be measured according to a scale between 0 and 1 (Shaw, 2016).  Formulations 

with a measured PdI estimate close to 0, indicates the vesicles are monodispersed (narrow size 

distribution) in the formulation, resulting in a physically and chemically stable vesicle system; 

lipid vesicles presenting with a PdI value approaching 1, implies the droplets are polydispersed 

(broad size distribution range), which is considered less than ideal for delivery of substances to 

the skin (Gaumet et al., 2008:3; Gaur et al., 2014:36). 

The average PdI estimates, as measured for the different liposomes encapsulating the different 

solid-state forms of roxithromycin, are listed in Table C.8.  These PdI values are indicative of the 

size distribution, whilst dispersion presenting with a PdI value less than 0.400 is usually 

considered as stable with uniform droplet dispersion (Marianecci et al., 2013:74).  The average 

PdI value for Formula 1, Formula 2 and Formula 3, each containing the different solid-states of 

the API, was recorded as 0.234 ± 0.009, 0.164 ± 0.014 and 0.335 ± 0.009, respectively.  It can 

be seen that Formula 2 had the lowest PdI value, which is closer to 0, which means the droplets 

were monodispersed.  The PdI values of the resulting formulations tend to be closer to 1, 

however a PdI value of 0.5 or less shows a level of heterogeneity within the dispersion, but still 

considered within the satisfactory range regarding the physical and chemical stability of the 

topical formulation (Shah et al., 2014:65).  Thus, it can be confirmed that vesicles smaller in size 

with a narrow distribution range appear to be a stable formulation, with a better chance of being 

absorbed and carried through the skin (Denet et al., 2004:665). 

C.4.1.3 Zeta-potential 

The zeta-potential was determined to verify the average surface charge of each dispersed 

droplet within a dispersion, since the API, as well as the excipients used during the preparation 

of the liposome vesicle system can detrimentally affect the zeta-potential outcome (Kurakula et 

al., 2012:36; Lamba et al., 2015:719; Marianecci et al., 2013:75).  PCS is a method used to 

predict the charge on the surface of the droplet; this technique consists of evaluating the 

fluctuations in light scattering within the dispersed droplets (Gaur et al., 2014:40).  The charge 

provided by the vesicle surface has a substantial effect on the stability of the vesicle system and 

this value serves as an indication of the entrapment ability of the lipid vesicles, as well as the 

possible interactions with the skin (Bhatt & Madhav, 2011:2296; Kumar & Rajeshwarrao, 

2011:213; Klang et al., 2015:262; Shah et al., 2014:66; Silva et al., 2012:860). 
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The zeta-potential of the freshly prepared individual vesicle formulations was determined using 

a Malvern Zetasizer Nano ZS (Malvern Instruments, Worcestershire, UK).  A micropipette was 

used to transfer 1 ml of the milky solution into a 50 ml glass beaker, which was filled with 20 ml 

distilled water.  A clear disposable zeta-cell (DTS1070 folded capillary cell) was filled with 2 ml 

of the diluted sample by means of a syringe.  The zeta-cell was visually inspected to ensure no 

air bubbles were present, which could negatively affect the results.  The zeta-potential of each 

sample were measured on the same day of preparation, and the values of each sample were 

recorded in triplicate. 

The zeta-potential can be described as an electrical potential generated on the surface of each 

of the droplets due to the average charge of the individual excipients in the composition of the 

preparation.  The zeta-potential can be measured as either a negative or a positive value and 

serves as an indication of the degree of repulsive forces between the droplets with similar 

surface charges (Shah et al., 2014:66; Roland et al., 2003:87).  It is considered ideal for topical 

formulations to have a high zeta-potential value (higher than 30 mV or lower than - 30 mV).  

This value specifies that the repulsive forces are strong enough to avoid aggregation and fusion 

with other droplets in the dispersion, thus, resulting in a stable preparation for successful 

delivery to the skin (Agarwal et al., 2001:44; Honary & Zahir, 2013:270; Li et al., 2016:45; Singh 

et al., 2016:1478). 

Various researchers have outlined that formulations with a highly negative electrical potential 

(lower than - 30 mV or higher than + 30 mV) are considered a stable formulation, with the ability 

to retain and possibly increase the stability of the preparation over a certain time.  This 

observation correlates well with data obtained from published reports, especially for dispersions 

with small droplets (Eid et al., 2014:2; Marianecci et al., 2013:75; Silva et al., 2012:860).  It has 

been reported the skin may act as a negatively charged biological membrane due to the 

negatively charged lipids distributed in the various skin layers (Gillet et al., 2011:223; Sinico et 

al., 2005:129).  This information could be advantageous in drug delivery, since the application of 

negatively charged molecules to the skin could increase the diffusion rate, as well as the flux of 

the drug, which could lead to successful delivery of the API to the skin topically (Ahad et al., 

2017:3; Duangjit et al., 2011:6; Gillet et al., 2011:223; Sinico et al., 2005:129). 

The average zeta-potential results attained for the preparation of liposomes encapsulating the 

individual solid materials roxithromycin are listed in Table C.9.  In addition to the size and 

distribution of the droplets dispersed within the formulation, the surface charge of each of the 

vesicles is considered equally important to determine, since the measured values reflect the 

stability of the liposomes (Kumar & Rajeshwarrao, 2011:213; Roland et al., 2003:87).  Thus, the 

zeta-potential of the individual liposomes was measured to accurately determine the average 

surface charge of the vesicles in the formulas and to conclude whether the preparation would 
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produce stable liposomes with uniformly dispersed droplets or topical delivery (Agarwal et al., 

2001:44; Kurakula et al., 2012:36; Lamba et al., 2015:719; Shah et al., 2014:66). 

Table C.9: The average zeta-potential (mV) results obtained after analysis of the different 

liposome formulations consisting of the different solid-state forms 

Dispersion 
Zeta-potential (mV) 

1 2 3 Average 

RM 1 -51.600 -55.000 -55.700 -54.100 ± 2.193 

QC 1 -49.200 -49.800 -49.200 -49.400 ± 0.346 

CD 1 -49.500 -50.300 -50.400 -50.067 ± 0.493 

RM 2 -45.600 -42.400 -45.200 -44.400 ± 1.743 

QC 2 -39.300 -41.600 -40.600 -40.500 ± 1.153 

CD 2 -39.500 -41.000 -41.500 -40.667 ± 1.041 

RM 3 -66.800 -65.400 -65.700 -65.900 ± 0.737 

QC 3 -57.900 -56.900 -56.800 -57.200 ± 0.608 

CD 3 -56.500 -55.500 -56.700 -56.233 ± 0.643 

 

 

Figure C.20: The average zeta-potential (mV) results of the different liposomes 

The average zeta-potential values for the different liposome formulas consisting of the three 

solid-state forms of roxithromycin, with decreasing phosphatidylcholine and increasing 

cholesterol ratios, were measured at room temperature (25 °C) and depicted in Figure C.20.  

The electrical surface charge of the individual liposomes was - 51.189 ± 2.542 mV (Formula 1),  

- 41.856 ± 2.205 mV (Formula 2) and - 59.777 ± 5.324 mV (Formula 3).  From the results 

depicted in Figure C.20, it is observed that the average zeta-potential values obtained for each 
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of the vesicles had a highly negative surface charge, which showed good stability for each of 

the dispersions.  As mentioned previously, cell membranes within the skin have negatively 

charged domains, and since liposomes are formulated with phospholipids (phosphatidylcholine) 

and cholesterol with structure similar to natural cell membranes, this could possibly explain the 

surface charge of the liposomes (Wen et al., 2006:1187).  It can be concluded that the surface 

charge of the dispersion could possibly influence permeation through the skin, and that the 

highly negative value obtained from the liposomes might contribute to successful topical 

delivery of roxithromycin (Ahad et al., 2017:3; Duangjit et al., 2011:6). 

C.4.1.4 pH determination 

Since the formulation is intended to be applied topically, it is capable of altering the pH on the 

surface of the skin, consequently irritating and harming the stratum corneum and the underlying 

layers of the skin (Barry, 2007:576; Paudel et al., 2010:118).  It is important that the measured 

pH value of a topical formulation falls between the ideal pH range, since a value lower than 5 

and greater than 9 could cause irritation to the skin (Basera et al., 2015:1881; Naik et al., 

2000:319; Paudel et al., 2010:118). 

 

Figure C.21: A Mettler Toledo® pH meter 

The pH value of the individual formulations were measured using a digital Mettler Toledo® pH 

meter (Mettler Toledo, Columbus, OH), which was equipped with a Mettler Toledo® InLab® 410 

electrode (Mettler Toledo, Columbus, OH) (Figure C.21).  The pH of the samples was 

determined by inserting the electrode into sufficient volume of each sample, respectively, with 

the readings measured in triplicate and the average pH value reported for each sample.  The 

average pH profile of each sample provides a clear indication whether the formulation complies 

with the pH of the skin. 
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The average pH determinations obtained for the liposome formulas assembled with different 

solid-state forms of roxithromycin, with diverse excipient concentrations, are listed in 

Table C.10.  The pH of each carrier system was measured to determine the surface pH of the 

vesicles and to conclude if the dispersions would influence the integrity of the skin (Mahale et 

al., 2012:52). 

Table C.10: The average pH values recorded for the vesicle systems encapsulating different 

solid-state forms of roxithromycin 

Liposomes 
pH 

1 2 3 Average 

RM 1 7.64 7.64 7.62 7.63 ± 0.01 

QC 1 7.56 7.55 7.51 7.54 ± 0.03 

CD 1 7.49 7.50 7.47 7.49 ± 0.02 

RM 2 7.07 7.12 7.15 7.11 ± 0.04 

QC 2 7.35 7.38 7.38 7.37 ± 0.02 

CD 2 7.29 7.28 7.25 7.27 ± 0.02 

RM 3 7.63 7.63 7.62 7.63 ± 0.01 

QC 3 7.58 7.57 7.58 7.58 ± 0.01 

CD 3 7.55 7.55 7.54 7.55 ± 0.01 

 

From the pH determinations of the vesicle systems listed in Table C.10, all the dispersions fell 

within the ideal pH range of the skin, and would not compromise the integrity of the skin.  The 

pH profile also plays an important role in the structure of the vesicle systems, since a alteration 

in the pH profile might influence the zeta-potential and in turn the stability of the vesicle system, 

therefore it was considered necessary to measure the pH of each vesicle (Berg et al., 

2009:276).  RM 2 had the lowest pH of 7.11 ± 0.04, compared to the pH value of 7.63 ± 0.01 for 

both RM 1 and RM 3.  The slight variations between the individual dispersions is indicative of 

the quality and stability of the lipid vesicles (Roland et al., 2003:93), thus it can be concluded 

that the formulated liposomes will remain stable, whilst releasing the API from the drug delivery 

system without affecting the pH of the skin. 

C.4.1.5 Entrapment efficiency (%EE) 

The %EE was employed to distinguish between the total concentration of an API, which was 

initially incorporated in the formulation, and the unentrapped free drug molecules present in the 

sample, which yielded the total amount of the API entrapped within the vesicles (Jadon et al., 

2009:1188; Kumar & Rajeshwarrao, 2011:213). 
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The %EE of the three different solid-state forms of roxithromycin entrapped within the liposome 

vesicles was determined and analysed by means of HPLC.  Each sample was centrifuged with 

the guidance of Me. S Lowe, at the Laboratory for Applied Molecular Biology (LAMB) of the 

North-West University, Potchefstroom.  Samples were centrifuged using an Optima L-100XP 

Ultra-centrifuge (Beckman Coultier, RSA) at 25 000 rpm for 45 min at a temperature of 25 °C, to 

separate the free drug from the entrapped drug molecules, which formed a solid pellet of the 

vesicles at the bottom of the tube, consequently presenting the un-entrapped drug molecules in 

the clear solution.  After removal from the centrifuge, 2 ml of the clear supernatant was filtered 

through 0.45 µm polyvinylidene fluoride (PVDF) filters into HPLC vials for analysis.  Analysis 

was performed on the prepared samples and results were recorded in triplicate on the same 

day of preparation (Mahale et al., 2012:53). 

Equation C.1, which was adapted from Nii and Ishii (2005:200), was used to calculate the %EE 

of the individual formulations, where Ct was the total API concentration and C0 the 

concentration of the free unentrapped drug: 

%EE = [(Ct – C0) / Ct)] x 100 Equation C.1 

The average %EE of all nine vesicle samples formulated with roxithromycin in the crystalline 

form (RM), along with the amorphous forms (QC and CD) gained through rapid cooling of the 

melt and desolvation of a chloroform solvate, are shown in Table C.11.  Ultracentrifugation was 

used to evaluate the %EE of the final vesicles during this study, and to conclude if each sample 

would remain stable after incorporation of the pharmaceutical compound (Mahale et al., 

2012:53; Patel & Misra, 1990:358). 

A linear regression curve was plotted after preparation of the standard solution.  The validated 

HPLC method was used to analyse the different liposome formulas, which was performed in a 

controlled laboratory environment under specified chromatographic conditions, as discussed in 

Annexure A.  Literature states that an entrapment value of 100%, or relatively close to 100%, 

can be achieved by encapsulating highly lipophilic APIs in liposomes (New, 1990: 37; Patel & 

Misra, 1990: 361). 

The %EE was calculated according to the standard linear regression curve, obtained through 

HPLC analysis, together with Equation C.1.  After HPLC analysis, the values were calculated 

and the results of the individual samples were recorded. 
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Table C.11: The average entrapment efficiencies (%EE) of the individual vesicle formulations 

incorporating the different solid-state forms of roxithromycin 

Dispersions Average (%EE) 

RM 1 99.972 ± 0.0004 

QC 1 99.970 ± 0.0003 

CD 1 99.969 ± 0.0002 

RM 2 99.973 ± 0.0018 

QC 2 99.961 ± 0.0003 

CD 2 99.953 ± 0.0006 

RM 3 99.967 ± 0.0005 

QC 3 99.970 ± 0.0024 

CD 3 99.964 ± 0.0013 

 

From the results, it was determined that RM 1 and RM 2 had the highest %EE of 

99.973 ± 0.0004% and 99.973 ± 0.0018%, respectively.  It was also noted that the vesicular 

system (CD 2) displayed the lowest %EE value of 99.953 ± 0.0006%.  As illustrated in 

Table C.11, the %EE values of the different formulations are relatively high and the results are 

in close agreement with data gained from a previous study (Patel & Misra, 1990: 361).  

According to Alvarez-Trabado et al. (2017:212), it is ideal for carrier systems to have high 

entrapment values, indicating that the drug molecules are successfully incorporated within the 

nano-sized vesicle systems.  From the %EE results obtained for the liposome formulas 

encapsulating the different solid-state forms of roxithromycin, it became apparent that 

roxithromycin (hydrophobic) was almost completely incorporated within the lipid bilayers of the 

individual vesicle systems, as it approached an encapsulation value close to 100% (Drulis-Kawa 

& Dorotkiewicz-Jach, 2010:188).  A possible explanation for the high %EE estimates for the 

liposome samples, can be ascribed to phosphatidylcholine having long chain fatty acids capable 

of accommodating greater amounts of the drug molecules in the regions created between the 

carbon chains, improving both entrapment and loading of the drug in the vesicles (Alvarez-

Trabado et al., 2017:212).  It is apparent from the results that roxithromycin and its amorphous 

forms will be delivered effectively to the target site, resulting in sustained release of the API 

(Kurakula et al., 2012:37). 

C.5 Conclusions 

The success of a topical application is based on the physicochemical characteristics of the API 

and the drug delivery system; consequently, a wide variety of characterisation methods were 

developed in an attempt to accurately predict the effectiveness of the dispersion (Franzen & 

Østergaard, 2012:33; Williams, 2013:68).  During this study, it was important to characterise 

each liposome formula to gain insight regarding the physical and chemical state of the 
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dispersion and to ensure that the liposome formulas encompassed the required and expected 

properties for their specific application (Chime et al., 2014:95; Franzen & Østergaard, 2012:33).  

A summary of the characteristics of the nine different liposome formulas, as described in 

Section C.4, is represented in Table C.12. 

Table C.12: Summary of the physicochemical properties obtained for the different liposome 

formulations 

Dispersion Vesicle size 
(nm) 

PdI Zeta-potential 
(mV) 

pH %EE 

RM 1 168.7 0.189 -54.1 7.63 99.97 

QC 1 165.4 0.240 -49.4 7.54 99.97 

CD 1 169.3 0.272 -50.0 7.49 99.97 

RM 2 210.6 0.170 -44.4 7.11 99.97 

QC 2 202.3 0.185 -40.5 7.37 99.96 

CD 2 207.4 0.136 -40.6 7.27 99.95 

RM 3 341.9 0.416 -65.9 7.63 99.97 

QC 3 326.8 0.355 -57.2 7.58 99.97 

CD 3 286.4 0.235 -56.2 7.55 99.96 

 

From the results listed in Table C.12, it is evident that the different liposome formulations 

exhibited characteristics considered ideal for successful topical delivery.  The following 

properties for the different liposome formulas encapsulating either the crystalline form or the 

prepared amorphous forms were evaluated: morphology (i.e. light microscopy and TEM), 

vesicle size, vesicle distribution, pH value, zeta-potential, as well as %EE. 
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ANNEXURE D 
DIFFUSION STUDIES OF ROXITHROMYCIN ENCAPSULATED IN LIPOSOMES FOR TOPICAL DELIVERY 

D.1 Introduction 

The purpose of formulating a topical preparation is to use the skin as an alternative route for the 

delivery of drugs, resulting in the containment of the API within the skin (Honeywell-Nguyen & 

Bouwstra, 2005:67; Sinico et al., 2005:124; Williams, 2013:676).  Despite the many advantages 

gained from the topical delivery route, the skin provides an excellent barrier against absorption 

and penetration of exogenous drugs (Honeywell-Nguyen & Bouwstra, 2005:67).  Therefore, the 

most important reason for low penetration and release of the API during topical drug delivery is 

ascribed to the intricate structure of the skin layers (Honeywell-Nguyen & Bouwstra, 2005:67; 

Williams, 2013:677).  Microscopic evaluations on the human integumentary system proves that 

the skin is a complex, multi-layered organ which is comprised by three primary layers (Baroni et 

al., 2012:257; Ng & Lau, 2015:4).  Each layer provides its own sequence of barriers that could 

possibly influence and limit the penetration and/or permeation of the APIs across the skin, 

especially the superficial layer, i.e. the stratum corneum (Kute & Saudagar, 2013:368; Williams, 

2013:677).  The stratum corneum is responsible for the barrier properties of the skin (Feingold & 

Denda, 2012:263; Varun et al., 2012:632).  The stratum corneum layer is also described as 

being the least permeable layer of the organ, due to the unique arrangement of a scaffold-like 

matrix enclosed by intercellular lipid bilayers (Bolzinger et al., 2012:157; Jepps et al., 2013:154; 

Venus et al., 2011:471; Williams, 2013:677).  The stratum corneum also consists of various 

lipids, embedded in the lipid bilayers, which are primarily responsible to regulate and control the 

movement of the drugs through the layers of the skin (Williams, 2003:10; Williams, 2013:677).  

Consequently, the stratum corneum layer is also responsible for influencing the degree of the 

drug that penetrates and/or permeates through the skin, whilst acting as a rate-limiting barrier 

as well as a flux regulator (Bolzinger et al., 2012:156; El Maghraby et al., 2008:204; Williams, 

2003:28). 

It is evident that the physicochemical properties of the API will control its transport into and/or 

through the skin, thus APIs with ideal or close to ideal properties are required to successfully 

penetrate the skin, since the formulation is directly applied to the stratum corneum, thus limiting 

the permeation of the API (Naik et al., 2000:318; Williams, 2013:680).  Several factors control 

the delivery of the drug into the skin and the delivery system used to deliver the selected drug is 

just as important as the physicochemical properties of the API (Sinico et al., 2005:125; Weiss, 

2011:471). 
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Considering the properties provided by the skin as well as the API, it was suggested that a lipid 

drug delivery vehicle would be beneficial in delivering the drug via the topical route.  Liposomes 

are considered as the best vesicle system for successful topical drug delivery (Verma et al., 

2003:271).  This was suggested, since liposomes are suitable carriers for a variety of drugs with 

different properties.  The walls of the vesicles consist of amphiphilic molecules in a lipid bilayer 

formation, thus making liposomes excellent in entrapping both hydrophilic and lipophilic drugs in 

different regions of the vesicle (Basavaraj & Betageri, 2014:5; Madni, 2014:401).  In addition, 

liposomes can enhance skin penetration of various molecules and can act as a drug reservoir in 

the skin over long periods (Bansal et al., 2012:271; Pierre & Costa, 2011:609; Verma et al., 

2003:271).  By localising the drug at the site of action, it can reduce toxic side-effects, whilst 

enhancing the absorption and availability of the drugs where therapeutic action is required 

(Drulis-Kawa & Dorotkiewicz-Jach, 2010:197; Prashar et al., 2013:130).  Liposomes are known 

for: 1) enhancing the concentration of the API in the deeper epidermal and dermal layers as well 

as in the stratum corneum, and 2) lowering systemic absorption better than other formulations 

(Elsayed et al., 2007:2; Verma et al., 2003:271).  Thus, liposomes contain the characteristics for 

successful topical drug delivery. 

During this study, the topical delivery of roxithromycin and its amorphous forms was the aim, as 

this API has the ability to treat acne at the site of administration, on the surface and within the 

affected layers of the skin.  The need for topical treatment of bacterial diseases have increased 

rapidly, since many diseases, such as acne, are found to be located in the deeper dermal layers 

of the skin (Akhtar, 2014:89).  Thus, conventional dosage forms are not successful in the 

effective treatment of these conditions, due to poor retention of the APIs in the skin (Akhtar, 

2014:89; More et al., 2016:197).  Since roxithromycin is slightly soluble in water (BP, 2016), it 

was decided to encapsulate the API in liposomes to increase the solubility and indirectly 

increase the topical drug delivery (Bansal et al., 2012:704).  The two amorphous forms were 

also investigated to determine if these solid-state forms would provide better diffusion results, 

since the amorphous forms have proven to be more soluble in water than their crystalline 

counterpart (Biradar et al., 2006:22).  Membrane release experiments were conducted on all 

nine dispersions; prior to the in vitro skin diffusion studies to make accurate conclusions if 

roxithromycin encapsulated into liposomes were successfully released form the liposome 

dispersions.  In vitro skin diffusion studies, followed by the tape stripping technique were 

conducted to predict whether the drug would permeate into the receptor phase (transdermal) or 

localise in the various layers of the skin (topical delivery).  The solubility and log D values for 

RM and the two amorphous forms (QC and CD) were determined by a previous study 

(Csongradi et al., 2017:98), thus it was not necessary to determine these values again. 
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D.2 Methods 

D.2.1 HPLC analysis of the concentration of roxithromycin 

The concentrations of the different solid-state forms of roxithromycin after membrane release 

and skin diffusion studies were determined by HPLC analysis.  The method was adapted from a 

previous study and was successfully validated under direct supervision of Prof JL du Preez at 

the ATL of the NWU, Potchefstroom Campus.  The HPLC technique was successfully validated 

(as fully described in Annexure A) and rendered an analytical method, which proved to be 

sensitive and reliable to quantify the concentration of the different solid-state forms of 

roxithromycin encapsulated into a liposomal vesicle system for topical drug delivery. 

Samples collected from the receptor compartment of the individual Franz cells were analysed 

by means of an Agilent® 1100 Series HPLC system (Agilent Technologies, CA).  The system is 

equipped with an Agilent® gradient pump, UV detector and an auto sampler injection 

mechanism.  A Venusil XBP C18 (2) reverse phase 150 x 4.6 mm column with a particle size of 

5 μm was used (Agela Technologies, DE).  The laboratory environment was kept consistent 

with a controlled temperature of 25 ± 2 °C.  Specific chromatographic conditions are shown in 

Table D.1 

Table D.1: The chromatographic conditions used during the detection of roxithromycin and 

its amorphous solid-state forms in the receptor phase, SCE and ED 

Chromatographic conditions 

Injection volume (µl) 50 µl 

Detection wavelength (nm) 205 nm 

Flow rate (ml/min) 1.0 ml/min 

Retention time (min) 5 min 

Run time (min) 10 min 

 

The mobile phase consisted of a 0.01 M NH4H2PO4 buffer solution, with the pH adjusted to 7.0 

with diluted ammonia solution (7% w/v).  The buffer was mixed with HPLC grade methanol and 

buffer in a ratio of 85:15.  Before using the mobile phase, the solution filtered through a 0.22 µm 

nylon membrane filter (Membrane Solutions®, USA). 

Prior to the analysis of each sample, a standard solution was prepared by dissolving 50 mg RM 

in 100 ml methanol, thereafter 10 ml of the solution was transferred into a 50 ml volumetric flask 

and made up to volume with methanol.  The standard solution was injected in duplicate at 

different injection volumes (10, 20, 30, 40 and 50 µl) to yield a standard curve for each analysis. 
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D.2.2 Preparation of the receptor phase 

The receptor phase was prepared to measure the cumulative amount of roxithromycin and the 

prepared amorphous forms during the membrane release and in vitro skin diffusion studies.  

The receptor phase consisted of a phosphate buffer solution (PBS), which was prepared by 

weighing 8.165 g potassium phosphate (KH2PO4) in a weighing boat and dissolving the content 

in 1000 ml Milli-Q® water.  The pH of the solution was measured with a Mettler Toledo® pH 

meter (Mettler Toledo, CU) equipped with a Mettler Toledo® InLab® 410 electrode (Mettler 

Toledo, CU) and adjusted with 0.2 M sodium hydroxide (NaOH) solution to reach a pH of 7.4.  

The PBS was freshly prepared for each study and stored in the refrigerator (2 – 8 °C) for short 

periods. 

D.2.3 Preparation of the donor phase 

The donor phase consisted of the three solid-state forms of roxithromycin encapsulated into the 

liposomes containing different concentrations of phosphatidylcholine and cholesterol.  A 

placebo (formulation containing no API) was prepared during each study and used as the 

control group.  This resulted in the preparation of nine formulations containing the API with 

different concentrations of the excipients and three placebo formulations.  The donor phase of 

ten Franz cells contained 1 ml of the formulation and two Franz cells consisted of 1 ml of the 

placebo. 

D.2.4 Membrane release studies 

Twelve vertical Franz cells were used during the membrane release studies; two of the 12 

Franz cells contained the placebo dispersions in the donor phase, while the other 10 Franz cells 

consisted of the dispersion containing the API.  Before performing the release studies, the 

liposome dispersions were freshly prepared and placed into a water bath at 32 °C, which 

represents the normal temperature of the skin surface.  The receptor phase (PBS at pH 7.4) 

was preheated to 37 °C (temperature of the blood) in an additional water bath (Leveque et al., 

2004:324).  Each vertical Franz cell consisted of a two-phased system: a donor (top) and 

receptor (bottom) compartment (Figure D.1.a).  Dow Corning® high vacuum grease was applied 

on the rim of each compartment in copious amounts, a magnetic stirrer was placed in the 

receptor compartment before placing the membrane on top (Figure D.1.b).  Polyvinylidene 

fluoride (PVDF) (Pall® Life Sciences, USA) synthetic membranes, with a pore size of 0.45 µm 

were placed between the two vacuum greased compartments.  The donor and receptor 

compartments were pushed together lightly and the sides were sealed with a large amount of 

vacuum grease to prevent leakage (Figure D.1.c). 
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A horseshoe clamp fitted for each individual cell was used to fasten the two Franz cell 

compartments securely together (Figure D.1.d).  The donor compartment of each individual cell 

was filled with 1 ml of liposome dispersion and covered with a single layer of Parafilm®, followed 

with a plastic cap to avoid any loss of the dispersion during the experiment.  The receptor 

compartment was filled with 2 ml PBS and clearly marked with a permanent marker.  Each of 

the cells was examined to ensure that no visible air bubbles would influence the integrity of the 

study.  After assembling the 12 Franz cells, they was placed in a preheated water bath with a 

set temperature of 37 °C on a Variomag® (Variomag, USA) magnetic stirring plate, which was 

placed in a Grant® water bath (Grant Instruments, UK) (Figure D.1.e).  The entire volume of the 

receptor phase was extracted with a syringe and replenished with fresh, preheated PBS 

(pH 7.4) every hour for a period of 6 h.  The content of the receptor compartment was obtained 

and transferred into HPLC vials for analysis by means of HPLC method as mentioned in 

Section D.2.1. 

 

Figure D.1: Membrane release and skin diffusion study experimental setup: (a) Vertical Franz 

cell consisting of a donor and receptor compartment, (b) Dow Corning® vacuum 

grease, (c) Assembled and greased vertical Franz cell, (d) a horse shoe clamp 

used to prevent leakage and (e) Grant® water bath. 

a) b) c) 

d) e) 
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D.2.5 Skin diffusion studies 

D.2.5.1 Skin ethics and collection 

Caucasian female skin, collected from plastic surgeons after abdominoplasty surgery, was used 

during the skin diffusion studies.  Ethical approval was approved from the Research Ethics 

Committee of the North-West University (reference number NWU-00114-11-A5) for the use of 

human skin during in vitro topical drug delivery studies.  The patients who donated skin were 

required to complete an informed consent form and patient information remained anonymous at 

all times.  Twenty-four hours after the surgery, full-thickness skin was collected and transported 

in an icebox with ice packs to the Transdermal Laboratory of the North-West University.  The 

skin consisting of the subcutaneous tissue was placed in a freezer at - 20 °C.  Storage of the 

skin under the prescribed conditions ensures it is preserved for a period of 3 to 6 months 

(Leveque et al., 2004:324). 

D.2.5.2 Skin preparation 

Prior to the preparation of the dermatomed skin samples, the skin with the hypodermis attached 

was removed from the freezer the previous day and left to thaw on a paper towel with the 

stratum corneum facing upwards.  A large amount of the subcutaneous tissue was removed 

using a sharp scalpel.  A dermatome™ (Zimmer TDS, UK) was utilised to cut the piece of skin 

into smaller pieces with a thickness of approximately 400 µm, revealing the stratum corneum 

and part of the dermis (Figure D.2.a).  By firmly pressing on the skin with the dermatome at a 

30 to 45 °angle, the skin was removed and collected. 

The dermatomed skin was placed on Whatman® filter paper to dry (Figure D.2.b).  Once the 

skin samples were completely dry, the skin was marked using a polytop dipped in ink to create 

circular shapes, and thereafter covered with aluminium foil (Figure D.2.c).  The skin was stored 

in the freezer at -20 °C until required to perform the skin diffusion studies.  The subcutaneous 

fat was removed and discarded in an appropriate way, which is described by the North-West 

University.  An hour before the diffusion studies commenced, the inked dermatomed skin was 

cut into circles and placed between the receptor and donor compartments of the vertical Franz 

cells.  Prior to the skin diffusion studies, the skin samples were visually examined for any 

defects or stretch marks. 
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Figure D.2: Skin preparation: (a) A dermatome, (b) 400 µm dermatomed skin placed on a 

filter paper and (c) the skin wrapped in tin foil and placed within the clear plastic 

bag with required information written on top 

D.2.5.3 In vitro skin diffusion studies 

The in vitro skin diffusion studies were performed to conclude whether the API (2% of RM, QC 

and CD separately) penetrated the skin and/or permeated through the skin layers to reach the 

systemic circulation of the dermis (receptor phase).  The procedure followed for the skin 

diffusion studies was exactly the same method and technique used during the membrane 

release studies (Section D.2.4).  The only exception being that dermatomed skin placed on 

Whatman® filter paper was cut into circles and placed between the donor and receptor 

compartments of the Franz cells, with the stratum corneum facing upwards instead of the PVDF 

membranes.  The extraction times of the receptor phase also varied.  During the in vitro skin 

diffusion studies, only one extraction was made after a period of 12 h, whilst the membrane 

release studies required six extractions every hour for 6 h. 

D.2.5.4 Tape stripping 

Tape stripping of skin samples is a convenient technique used to determine the amount of the 

API located in the skin layers after the application of a topical formulation (Ademola, 1997:532).  

The tape stripping method was used to effectively remove the upper stratum corneum of the 

skin (Surber et al., 1999:395).  Once the skin diffusion studies were complete, the two 

compartments of the Franz cells were dismantled and the skin samples were carefully removed.  

The circular skin samples were mounted on a single layer of Parafilm®, which was pinned on a 

wooden board.  Tissue paper was used to dab the skin to remove the excess formulation 

(Walters & Bain, 2008:38).  The adhesive tape which was used to remove the stratum corneum 

layers (3M Scotch® Magic™ Tape), was cut into acceptable pieces to cover the diffusion area 

as indicated by the imprint made by the Franz cells on the skin.  For each skin sample, 16 tape 

strips were cut into adequate size to cover the diffusion area effectively and the SCE was 

removed.  The first tape strip was discarded and considered as part of the cleaning procedure 

a) b) c) 
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(Wiechers, 2008:17).  The consecutive 15 tape strips were used to remove the SCE until the 

skin glistened, then it was placed into a polytop containing 5 ml HPLC grade methanol.  The 

remaining skin, which consisted of the ED, was cut into smaller pieces and placed into 

additional polytops containing 5 ml methanol.  The polytops containing the tape strips (SCE) 

and the pieces of skin (ED) were left overnight in the refrigerator at approximately 4 °C for a 

minimum of 8 h.  Thereafter, the samples were filtered and analysed by means of HPLC. 

D.3 Results and discussion 

D.3.1 Aqueous solubility 

Literature states that roxithromycin monohydrate is poorly soluble in water.  This statement was 

confirmed by a previous study, which reported the experimental aqueous solubility value of the 

crystalline form of roxithromycin as 0.0335 mg/ml in water at 25 °C (Aucamp et al., 2013:26).  

The low aqueous solubility value of the API proves to be problematic, since the objective of this 

study was to apply the formulation on the skin (Aucamp et al., 2012:467).  The aforementioned 

inspired formulators to experiment with the amorphous solids of the API, which showed that the 

use of amorphous materials have the ability to improve the low solubility results of the API 

(Aucamp et al., 2012:467; Milne et al., 2015:305).  The solubility of roxithromycin in PBS (pH 7) 

at 32 °C was determined in a previous study, since the receptor phase consisted of PBS with a 

pH 7.4 (Csongradi et al., 2017:100).  The values were reported as 1.98 mg/ml for RM, 

1.88 mg/ml for QC and 1.92 mg/ml for CD.  The values obtained by Csongradi et al. (2017:100) 

differed from the experimental values gained form a study performed by Aucamp et al. 

(2013:26), due to higher temperatures and the medium that was used.  When comparing the 

solubility values of the three solid-state forms, one should expect that the two prepared 

amorphous forms would render much higher solubility values in comparison to the crystalline 

counterpart, however, the values appear to be in close agreement (Csongradi et al., 2017:100).  

To ensure successful topical delivery, as well as optimal bioavailability of the API at the site of 

action, an API should present with an ideal aqueous solubility value greater than 1 mg/ml (Naik 

et al., 2000:319; Williams, 2003:37).  This serves as an indication that roxithromycin is a 

favourable candidate for topical delivery of the API to skin. 

D.3.2 n-Octanol-water partition coefficient 

Successful delivery of any substance to the skin is highly dependent on both the lipophilic and 

hydrophilic properties of the API since this serves as in indication as to whether the API will 

penetrate the stratum corneum layer and permeation into the underlying layers of the skin.  The 

log P value is often used in diffusion studies and this value is a good indication of the degree in 

which the drug will be distributed between the lipophilic stratum corneum and the more 

hydrophilic areas of the epidermis and dermis (N’Da, 2014:20786; Williams, 2013:677).  The 
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log D value, also known as the log P value of an API measured at a specific pH, is a good 

indication as to whether the drug will be able to be delivered transdermally or not (N’Da, 

2014:20786).  The log D values were determined through a previous study and the value 

reported for all three solid-states was 1.52 (Csongradi et al., 2017:100).  From these results, it 

can be concluded that the different solid-state forms of roxithromycin will be more soluble in the 

lipid phase in comparison to PBS (pH 7.4) and water.  This concludes that roxithromycin (RM, 

QC and CD) is lipophilic in nature.  The log P reported for roxithromycin was predicted as 2.9, 

but the experimental value proved to be much lower, reported as 1.7 (Drugbank, 2017; 

PubChem, 2017).  The value obtained was in close agreement with the value that was reported 

therefore roxithromycin is ideal for topical drug delivery.  Literature states that transdermal 

delivery is optimised for a substance exhibiting a log P value between 1 and 3 and dermal 

absorption will spontaneously take place (Williams, 2003:36; Williams, 2013:677).  However, 

values closer to each other prove to be favourable, for example 2 and 3 are considered optimal 

(Akhlaq et al., 2014:178). 

D.3.3 Membrane release studies results 

Membrane release experiments were conducted to conclude whether the different solid-state 

forms of the API were released from the liposome vesicle systems.  For RM2, one of the Franz 

cells were discarded due to signs of leakage and therefore only nine Franz cells were used.  

The average flux is an indication of the concentration of the amount per area of the API as a 

function of time, which diffused through the synthetic membranes during the 6 h release studies.  

The results are listed in Table D.2 and the average flux values (µg/cm2.h) and the average 

%released (%) of roxithromycin released through the PVDF membranes after a time period of 

6 h are shown. 

Table D.2: Average flux (µg/cm2.h) and the average %released (%) of roxithromycin through 

the membranes for each dispersion after 6 h (n represents the amount of Franz 

cells used in each formulation) 

Dispersion n 
Average flux 

(µg/cm
2
.h) 

Average %released 

(%) 

RM1 10 5.229 ± 0.846 0.037 ± 0.005 

RM2 9 28.322 ± 5.340 0.205 ± 0.034 

RM3 10 5.099 ± 1.195 0.034 ± 0.007 

QC1 10 4.985 ± 0.474 0.035 ± 0.003 

QC2 10 8.171 ± 1.509 0.056 ± 0.010 

QC3 10 4.007 ± 0.581 0.029 ± 0.004 

CD1 10 5.539 ± 0.821 0.039 ± 0.005 

CD2 10 3.561 ± 0.559 0.028 ± 0.004 

CD3 10 4.296 ± 0.746 0.032 ± 0.005 
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The results proved that all nine dispersions were successful in releasing the different solid-state 

forms of roxithromycin through the synthetic membranes, with some dispersions being released 

more than others from the different dispersions.  Dispersions can be ranked from the highest to 

the lowest average flux as follows: RM2, QC2, CD1, RM1, RM3, QC1, CD3, QC3 and CD2.  

The dispersion with the highest average flux value was RM2 (28.322 ± 5.340 µg/cm2.h), which 

was ± 7.3 times higher than CD2 (3.561 ± 0.559 µg/cm2.h), and indicated as the dispersion with 

the lowest average flux value from this data set. 

When comparing the crystalline (RM) and amorphous forms (QC and CD) of roxithromycin, it is 

evident that in general, the dispersions consisting of RM (RM2 and RM3) displayed the best 

average flux values and highest percentage released over a period of 6 h, followed by CD (CD1 

and CD3) and lastly, QC (except for QC2).  A previous study was conducted on the three solid-

state forms of roxithromycin in an attempt to determine solubility of the API in an aqueous 

medium.  The experimental aqueous solubility value was reported as 1.98 mg/ml for RM, 

1.88 mg/ml for QC and 1.92 mg/ml for CD (Csongradi et al., 2017:100).   There is a possibility 

that the solubility of the different solid materials is in direct correlation with the high average flux 

and the highest percentage released from the liposomes after membrane release studies.  

Studies performed on the crystalline and amorphous forms of roxithromycin showed similar 

results, with regards to RM presenting with the highest flux in niosomes and pro-ufosomes 

(Csongradi et al., 2017:105). 

When comparing the different dispersions with each other, it is apparent that in general, 

dispersion 2 (RM2 and QC2) released more API over a period of 6 h, followed by dispersion 1 

(RM1, QC1 and CD1) and lastly, dispersion 3.  Dispersion 2 was formulated with 

phosphatidylcholine and cholesterol in an excipient ratio of 3:1.  From a previously study by 

Csongradi et al. (2017:105), it became evident that the vesicle system and the ratios of the 

excipients used during the formulation of the liposomes had a greater impact on the release of 

the API from the vesicle rather than the solid-state form of roxithromycin encapsulated by each 

vesicle. 

Figures D.3 to D.21 depict the results from the membrane release studies obtained for all nine 

dispersions.  Each dispersion has two individual figures; the first graph shows the average 

cumulative amount of roxithromycin per area (µg/cm2) over a time period of 6 h, the second 

figure displays the cumulative amount per area (µg/cm2) released for each of the individual 

Franz cells. 
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Figure D.3: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM1 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.4: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM1 that permeated through the membrane over a period of 

6 h for each individual Franz cell (n = 10) 
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Figure D.5: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM2 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 9) 

 

Figure D.6: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM2 that permeated through the membrane over a period of 

6 h for each individual Franz cell (n = 9) 
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Figure D.7: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM3 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.8: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of RM3 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.9: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC1 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.10: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC1 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.11: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC2 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.12: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC2 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.13: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC3 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.14: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of QC3 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.15: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD1 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.16: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD1 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.17: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD2 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.18: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD2 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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Figure D.19: Average cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD3 that permeated through the membrane into the receptor 

phase over a period of 6 h (n = 10) 

 

Figure D.20: Cumulative amount per area (µg/cm2) of roxithromycin released from the 

liposome vesicle of CD3 that permeated through the membrane over a period of 

6 h for each individual Franz cells (n = 10) 
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D.3.4 In vitro skin diffusion studies 

The receptor phase of all 12 Franz cells of all nine dispersions were gathered after 12 h for the 

skin diffusion studies.  The average amount per area diffused (µg/cm2) after 12 h was obtained 

and the results presented in Table D.3. 

Table D.3: Average amount per area diffused (µg/cm2) for roxithromycin after 12 h 

Formulation n ≥ LLOQ 
Average amount per area 

diffused (µg/cm2) 

RM1 10 3 - 

RM2 8 7 149.184 ±169.397 

RM3 9 6 74.932 ± 152.430 

QC1 10 0 - 

QC2 9 7 137.877 ± 192.317 

QC3 10 7 38.705 ± 34.269 

CD1 10 1 - 

CD2 9 6 72.248 ± 77.651 

CD3 7 7 48.190 ± 7.658 

 

The LOD and LLOQ values are used in diffusion studies to determine if the concentration can 

be detected and quantified accurately.  These values for roxithromycin were established and 

validated during the method validation in Section A.4.2 and recorded as 0.851 and 1.703 µg/ml, 

respectively.  Values that are lower than the LOD and LLOQ are detected and can be ascribed 

to noise and impurities in the sample.  These low values are considered unreliable and will not 

be used as data, despite the fact that it can be quantified and reported (ICH, 2005:5).  From the 

set of nine dispersions, only three dispersions were discarded and will not be used, according to 

the aforementioned statement; these dispersions include: RM1 (n = 3 of 10 were ≥ LLOQ), QC1 

(n = 0 of 10 was ≥ LLOQ) and CD1 (n = 1 of 10 was ≥ LLOQ). 

The average amount per area diffused for the three solid-state forms of roxithromycin after 12 h 

skin diffusion studies are ranked from the highest to the lowest as follows: RM2, QC2, RM3, 

CD2, CD3 and QC3.  The dispersion presenting with the highest average %diffused in the 

receptor phase was RM2 (149.184 ± 169.397 µg/cm2), which is ± 3.9 times higher than QC3 

(38.705 ± 34.269 µg/cm2) that proved to be the dispersion with the lowest diffusion of the API. 

Transdermal data showed that dispersion 2 (RM2, QC2 and CD2) had the highest values of the 

API in the receptor phase after 12 h when compared to dispersion 3 (RM3, QC3 and CD3).  

Dispersions 1, 2 and 3 consisted of phosphatidylcholine and cholesterol in an excipient ratio of 

4:1, 3:1 and 3:2, respectively.  It is considered ideal for APIs to have both lipophilic and 

hydrophilic properties with regards to successful topical delivery.  This ensures the drug will be 
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effective when penetrating into the stratum corneum lipids, as well as the more aqueous regions 

of the underlying skin layers namely, the epidermis and dermis (Csongradi et al., 2017:96; 

Hadgraft & Somers, 1956:625). 

Dispersion 1 (4:1) contained a higher concentration of phosphatidylcholine in comparison to 

cholesterol.  Studies performed on roxithromycin proved the API is lipophilic in nature, with a 

predicted log P value of 2.9 and an experimental log P value of 1.52 for all three solid-state 

forms of the API (Csongradi et al., 2017:97; Drugbank, 2017).  This implies that roxithromycin 

and the amorphous forms will be delivered to the skin encapsulated within the highly lipophilic 

bilayer domain surrounded by an internal aqueous core (Csongradi et al., 2017:100).  The 

results gained after skin diffusion studies showed that dispersion 1 was not successful in 

delivering the API transdermally.  The low drug concentration of the API through the skin can be 

ascribed by the following: 1) the additional phospholipids in the formulation formed an extra lipid 

barrier onto the skin surface and this often leads to slow release of the encapsulated drug form 

the liposome, and 2) there are possible interactions between the drug and the lipid molecules 

(Kirjavainen et al., 1999:285; Sakdiset et al., 2018:63).  The lipophilic API has a greater affinity 

for the lipid bilayers therefore; there is no release from the dispersion. 

Dispersion 2 (3:1) was formulated with a concentration of the excipients close to each other.  

This dispersion seems to be in the right concentration for the delivery of the API into the 

receptor phase.  This can be ascribed to the fact that a small increase in the cholesterol content 

might reduce the hydrophobic nature of the liposome bilayer, thus making the formulation more 

hydrophilic in order to reach the aqueous regions of the underlying layers and eventually end up 

in the systemic circulation (Farzaneh et al., 2018:303).  Thus, the dispersion proved to be 

lipophilic enough to successfully diffuse through the lipophilic stratum corneum layer, as well as 

having adequate hydrophilic characteristics to permeate into the more aqueous regions of the 

deeper layers in order to reach the systemic circulation (Perrie et al., 2012:393). 

Dispersion 3 (3:2) had an excipient ration in close agreement with each other.  It is apparent 

that the dispersion rendered concentrations within the receptor phase, despite the fact that the 

concentrations were smaller when compared to dispersion 2.  A possible reason is an increase 

in the cholesterol content within the formulation.  A further increase in the cholesterol 

concentration can decrease the entrapment of the API within the liposomes.  Thus, increasing 

the concentration beyond a certain concentration can cause the regular linear structure of the 

liposome membrane to be disrupted, thus reducing the entrapment of the API and consequently 

the delivery of the API to the systemic circulation (Patel & Misra, 1999:364). 

This might implicate that the different excipients in the delivery systems could influence the 

delivery of the API into the systemic circulation.  The systemic circulation is mostly hydrophilic in 
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nature and is considered unfavourable to lipophilic APIs, or APIs presenting with weak aqueous 

solubility values such as roxithromycin.  The APIs with a highly lipophilic character are often 

retained in the lipophilic layer of the stratum corneum, which leads to a decrease of the API into 

the systemic circulation (Yourick et al., 2008:120). 

If the different forms of roxithromycin are investigated, it is evident that in general, the 

dispersions consisting of RM (RM2 and RM3) diffused better than the other amorphous forms 

(QC and CD) of roxithromycin (except for QC2).  This might be due to the slightly higher 

aqueous solubility of RM (1.98 mg/ml) in comparison to QC (1.88 mg/ml) and CD (1.92 mg/ml) 

(Csongradi et al., 2017:100), but it seems that the API, or rather the different forms of the API, 

does not influence diffusion transdermally.  Since the target are for the delivery of roxithromycin 

is the dermal layer of the skin (topical delivery), the desired outcome is not to obtain 

transdermal penetration. 

 

Figure D.21: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of RM1 (n = 10) 
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Figure D.22: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of RM2 (n = 8) 

 

Figure D.23: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of RM3 (n = 9) 



 

201 
 

 

Figure D.24: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of QC1 (n = 10) 

 

Figure D.25: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of QC2 (n = 9) 
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Figure D.26: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of QC3 (n = 10) 

 

Figure D.27: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of CD1 (n = 10) 
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Figure D.28: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of CD2 (n = 9) 

 

Figure D.29: Roxithromycin concentration in the receptor phase of the Franz cells during the 

diffusion study performed on liposome vesicle of CD3 (n = 7) 

D.3.4.1 Tape stripping 

The tape stripping method was conducted to determine if roxithromycin was delivered to the 

SCE and ED and additionally, to determine if the prepared amorphous forms of roxithromycin 
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(QC and CD) had better topical delivery than RM after being encapsulated into different 

liposomes. 

Table D.4: The average concentration of roxithromycin present in the SCE and ED obtained 

after tape stripping 

Formulation n 
n ≥ LLOQ in 

the SCE 
n ≥ LLOQ in 

the ED 

Average 
concentration in 

SCE (µg/ml) 

Average 
concentration in 

ED (µg/ml) 

RM1 10 10 9 4.133 ± 1.307 5.330 ± 2.759 

RM2 8 8 8 371.260 ± 95.486 179.265 ± 88.364 

RM3 9 9 9 114.567 ± 66.433 106.470 ± 56.413 

QC1 10 9 3 3.770 ± 2.115 - 

QC2 9 9 9 211.020 ± 53.420 149.877 ± 75.643 

QC3 10 10 10 45.880 ± 16.880 98.526 ± 73.176 

CD1 10 8 5 3.179 ± 1.422 - 

CD2 9 9 9 112.833 ± 50.180 111.062 ± 66.102 

CD3 7 7 7 79.580 ± 35.468 131.647 ± 46.142 

 

D.3.4.1.1 Stratum corneum-epidermis 

From the concentrations of roxithromycin present in the SCE, all nine dispersions had values 

above the LOD and LLOQ values; the results are listed in Table D.4.  The dispersions can be 

ranked from the highest to the lowest concentration as follows: RM2, QC2, RM3, CD2, CD3, 

QC3, RM1, QC1 and CD1.  The dispersion with the highest concentration in the SCE was RM2 

(371.260 ± 95.486 µg/ml), whilst CD1 (3.179 ± 1.422 µg/ml) had the lowest concentration. 

In general, dispersions 2 (RM2 and QC2) had the highest delivery of the API into the SCE, 

followed by dispersions 3 (RM3, QC3 and CD3) and lastly, dispersions 1 (RM1, QC1 and CD1). 

The stratum corneum is a highly lipophilic natural membrane of the skin, due to the various 

lipids such as ceramides, free fatty acids, cholesterol esters and cholesterol in the structure of 

the stratum corneum (Montenegro et al., 2006:137).  An API presenting with a lipophilic habit, 

such as roxithromycin, would have a higher affinity for the lipids in the upper layers of the skin.  

Thus, higher concentrations of the API in the SCE can be observed, in comparison to the highly 

hydrophilic layers namely, the epidermis and dermis (Yourick et al., 2008:120).  The quantified 

concentration of roxithromycin within the stratum corneum layer could be attributed to the fact 

that both the API as well as the SCE are lipophilic in nature.  This could aid in longer retention 

times of roxithromycin in the various stratum corneum lipids, since it has the ability to penetrate 

and partition into the stratum corneum lipid components with ease. 
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Dispersion 1 had a higher concentration of the phospholipids compared to the cholesterol (4:1).  

The results showed that a cholesterol content that was too little might also pose as a potential 

problem for topical delivery of the API.  Cholesterol plays the following role in the vesicles: it 

modulates the 1) rigidity of the vesicle, 2) thickness of the membrane, 3) stability of the vesicle 

as a whole and 4) fluidity of the membranes (Kaddah et al., 2018:41).  Literature states that 

formulations presenting with a lower content of cholesterol can lead to a decrease in the 

membrane stability; this is often associated with an increase in membrane deformability and this 

is due to a decrease in lipid packing density (Kaddah et al., 2018:43). 

Dispersion 2 was formulated with the same molecular ratios of the excipients (3:1).  This ratio 

seems to be ideal for the delivery of the API to the stratum corneum layer.  The ratios can be 

explained due to the fact that cholesterol and egg phosphatidylcholine has the same log P value 

of 7.68 and the log P value of roxithromycin is thus 1.52 (Csongradi et al., 2017:100; Farzaneh 

et al., 2018:303).  This implies the excipients with the same log P value will allow the API to be 

loaded into the liposomes vesicle system without the requirements of additional cholesterol 

within the formulation (Farzaneh et al., 2018:303).  Literature states that unsaturated acyl 

chains (C=O) with a cis configuration were able to disorganise the ordered lipid structure of the 

skin and induce lipid fluidisation.  Fluid lipids such as egg phosphatidylcholine are able to 

penetrate the intercellular lipids of the stratum corneum, and in return are able to influence and 

reduce the barrier function whilst, enhancing the penetration of APIs (Montenegro et al., 

2006:137). 

In general, the dispersions consisting of the RM (RM2 and RM3) had the highest delivery of the 

API to the SCE, in comparison to the amorphous forms (QC and CD) of roxithromycin (except 

for QC2).  From the results gathered, it seems possible that the delivery of the API into the SCE 

is more dependent on the excipients and the various ratios of the excipients used during the 

formulation of the different liposomes and that the solid-state form in which the API resides does 

not necessarily influence the delivery into the uppermost layers of the skin. 

It is worthwhile to note that the ratio between cholesterol and the phospholipids used during the 

formulation of liposomes, in an attempt to provide a controlled drug release, is not well clarified 

(Kaddah et al., 2018:40). 
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Figure D.30: Roxithromycin concentration (µg/ml) from liposome vesicle RM1 in the SCE after 

tape stripping (n = 10) 

 

Figure D.31: Roxithromycin concentration (µg/ml) from liposome vesicle RM2 in the SCE after 

tape stripping (n = 8) 
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Figure D.32: Roxithromycin concentration (µg/ml) from liposome vesicle RM3 in the SCE after 

tape stripping (n = 9) 

 

Figure D.33: Roxithromycin concentration (µg/ml) from liposome vesicle QC1 in the SCE after 

tape stripping (n = 9) 



 

208 
 

 

Figure D.34: Roxithromycin concentration (µg/ml) from liposome vesicle QC2 in the SCE after 

tape stripping (n = 9) 

 

Figure D.35: Roxithromycin concentration (µg/ml) from liposome vesicle QC3 in the SCE after 

tape stripping (n = 10) 
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Figure D.36: Roxithromycin concentration (µg/ml) from liposome vesicle CD1 in the SCE after 

tape stripping (n = 8) 

 

Figure D.37: Roxithromycin concentration (µg/ml) from liposome vesicle CD2 in the SCE after 

tape stripping (n = 9) 
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Figure D.38: Roxithromycin concentration (µg/ml) from liposome vesicle CD3 in the SCE after 

tape stripping (n = 7) 

D.3.4.1.2 Epidermis-dermis 

As seen in Table D.4, all nine dispersions had diffused into the ED, but only seven had values 

above the LOD and LLOQ, which can be ranked from the highest to the lowest values as 

follows: RM2; QC2; CD3; CD2; RM3; QC3 and RM1.  The dispersions with highest and lowest 

concentration in the ED were RM2 (179.265 + 88.364 µg/ml) and RM1 (5.330 + 2.759 µg/ml.  

The concentration of roxithromycin was much lower in the ED than for the SCE.  This can be 

attributed to the fact that this layer is in a highly hydrophilic environment and is not considered 

as a favourable region for lipophilic drugs.  Being lipophilic in nature, roxithromycin is retained in 

the SCE and was therefore not available to permeate into the other skin layers.  Dispersion 1 

might have been too lipophilic for the penetration into the ED with a ratio of 4:1 (phospholipids: 

cholesterol).  Dispersion 2 had a small increase in the cholesterol content that led to an 

increased delivery of the API to the ED, which may have been influenced by the entrapment of 

the API in the liposome.  The increase in the entrapping may be due to increased stability of the 

liposome membrane during hydration, due to increased rigidity and reduces permeability 

impaired by cholesterol (Patel & Misra, 1999:364). 

It is well-known that the stratum corneum layer does not have phospholipids present within this 

natural barrier of the skin.  However, several other skin lipids are organised in a bilayer structure 

within the intercellular domain of the outermost layer (Pierre & Costa, 2011:615).  Literature 

studies have recognised that the composition of the vesicular system is the determining factor 

for successful topical drug delivery (Montenegro et al., 2006:133).  The liposomes used during 
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this study were formulated with phospholipids and other components, i.e. cholesterol, which is 

also prominent in the various layers of the skin.  Due to the composition of the lipids in the skin, 

as well as the lipids used in the formulation of the liposomes, this will promote fusion of the 

liposomes with the skin surface which leads to the transfer of the drug through the vesicle to the 

skin layer.  Thus, liposomes act as small reservoirs which allows for slow and controlled release 

of the drug component when they pass through the stratum corneum (Pierre & Costa, 

2011:615).  Since roxithromycin has been classified as a lipophilic drug, it is suspected that the 

drug will accumulate within the lipid domains of the skin; this explains the high amount of the 

API found within the SCE. 

The dispersion which had the highest concentration of the API delivered to the ED was 

dispersion 2 (RM2 and QC2), followed by dispersion 3 (CD3, RM3 and QC3) and lastly, 

dispersion 1 (RM1).  Dispersions 1, 2 and 3 consisted of phosphatidylcholine and cholesterol in 

an excipient ratio of 4:1, 3:1 and 3:2, respectively.  Hence, the group of liposomes consisting of 

phosphatidylcholine and cholesterol ratio of 3:1 had the best delivery of the API to the ED. 

As mentioned previously, although RM (RM2) had the highest delivery of the API to the ED, in 

comparison to the other dispersions, it seems that the API or the different forms thereof do not 

influence the delivery as much as the various concentrations of the excipients used during the 

formulation. 

 

Figure D.39: Roxithromycin concentration (µg/ml) from liposome vesicle RM1 in the ED after 

tape stripping (n = 9) 
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Figure D.40: Roxithromycin concentration (µg/ml) from liposome vesicle RM2 in the ED after 

tape stripping (n = 8) 

 

Figure D.41: Roxithromycin concentration (µg/ml) from liposome vesicle RM3 in the ED after 

tape stripping (n = 9) 
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Figure D.42: Roxithromycin concentration (µg/ml) from liposome vesicle QC1 in the ED after 

tape stripping (n = 3) 

 

Figure D.43: Roxithromycin concentration (µg/ml) from liposome vesicle QC2 in the ED after 

tape stripping (n = 9) 
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Figure D.44: Roxithromycin concentration (µg/ml) from liposome vesicle QC3 in the ED after 

tape stripping (n = 10) 

 

Figure D.45: Roxithromycin concentration (µg/ml) from liposome vesicle CD1 in the ED after 

tape stripping (n = 5) 
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Figure D.46: Roxithromycin concentration (µg/ml) from liposome vesicle CD2 in the ED after 

tape stripping (n = 9) 

 

Figure D.47: Roxithromycin concentration (µg/ml) from liposome vesicle CD3 in the ED after 

tape stripping (n = 7) 

The intended and expected target area for roxithromycin encapsulated into liposomes was the 

ED.  With the API present in the ED, it can be concluded that roxithromycin was successfully 

delivered to the intended target-site (the pilosebaceous units found in the dermal layer), where 
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the roxithromycin will have a bactericidal and bacteriostatic effect on the bacteria causing acne 

(Medsafe, 2014; Menon, 2002:4; Williams et al., 2012:361). 

D.4 Conclusion 

The aim for the membrane release and in vitro skin diffusion studies was to identify which 

dispersion, out of a set of nine dispersions, formulated with the three solid-state materials of the 

API in varying concentrations of phosphatidylcholine and cholesterol had the best results for the 

delivery of roxithromycin topically.  Roxithromycin is a macrolide antibiotic with a broad 

spectrum of activity against several bacterial entities residing within the deep layers of the skin, 

i.e. acne (Akhtar, 2014:89; More et al., 2016:197).  The target area set out for this study was the 

dermis, since this layer is where the pilosebaceous units are situated and where the P. acnes 

bacterium is prone to accumulate and multiply.  It is important to keep the target-site in mind, 

where the API should be able to reach and have a localised effect in order to treat the skin 

disease effectively.  Liposomes are considered ideal for the delivery of the API to the intended 

target-site. Despite the several advantages recorded in literature for this vesicle system, the 

most important function is enhanced skin penetration of the API in the SCE and ED, where it will 

act as a reservoir in the skin for long periods. 

A study conducted by Csongradi et al. (2017:100), determined the solubility of roxithromycin in 

PBS (pH 7), as well as the log D values of all three solid-state forms of roxithromycin.  From the 

experimental values it was concluded that roxithromycin presented with favourable properties to 

be incorporated into a topical preparation.  It was important to improve the solubility status of 

the crystalline form of roxithromycin, since an adequate solubility value in both water and lipids 

are required for an API to permeate successfully (Akhlaq et al., 2014:178).  The log D value of 

roxithromycin indicated the API was a lipophilic drug.  This provided valuable information on 

where the drug would accumulate in the skin and why the API preferred the penetration and/or 

permeation route. 

The membrane release studies were conducted to determine the release of the API from the 

liposome vesicle into the receptor phase.  The results proved positive that the API was in fact 

released from the vesicle system and into the receptor compartment of the Franz cells.  The 

dispersion containing RM2 had the highest average flux and average %released of 

roxithromycin over the period of 6 h, and proved to be ± 7.3 times higher than QC2, the nearest 

competitor.  It should be noted that the membrane release studies were performed on a 

synthetic PVDF membrane. 

Skin diffusion studies, followed by tape stripping of the skin were performed on the dispersions 

in an attempt to determine if topical and/or transdermal delivery of the API had taken place.  

From the set of nine dispersions, only six (QC2; RM2; RM3; CD2; QC3 and CD3) had 
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transdermal values.  Out of the six dispersions that were delivered transdermally, dispersions 2 

(3:1) and 3 (3:2) had equimolar amounts of the phospholipids and cholesterol.  From the data 

gathered after skin diffusion studies, it became evident that dispersion 1 (phospholipids: 

cholesterol (4:1)) was not successful in delivering the API into the receptor phase for 

transdermal delivery of the drug.  Liposomes are versatile with regard to the different 

constituents used during the formulation of the drug delivery system.  The main components 

used during the preparation of the liposomes are phospholipids, which spontaneously form lipid 

bilayers in the presence of water, due to the amphiphilic nature of the molecule (Kaddah et al., 

2018:40; Sakdiset et al., 2018:58).  In the presence of water, the tail groups of the lipids 

(hydrophobic) orientate themselves away from the head groups (hydrophilic) in an aqueous 

medium (Vemuri & Rhodes, 1995:95).  This leads to the formation of a phospholipid bilayer, 

which is lipophilic in nature with an encapsulated water-filled domain presenting with hydrophilic 

properties (Gómez-Henz & Fernández-Romero, 2005:10).  Several literature reports state that 

lipophilic drugs have a greater affinity for the lipophilic bilayers within the liposome bilayers, thus 

increasing the interactions between the phospholipid molecules and the API.  For this reason 

the encapsulated API would rather favour the lipophilic properties of the lipid rather than the 

aqueous domain in the centre of the liposomes (Caddeo et al., 2015:141; Kassem et al., 

2017:260). 

Roxithromycin is classified as a lipophilic API, presenting with a predicted log P value of 2.9 and 

an experimental Log P value of 1.52 for the three solid-state forms of the API (Csongradi et al., 

2017:100; Drugbank, 2017; PubChem, 2017).  This serves as an indication that the API will be 

encapsulated within the liposome and will be delivered to the skin within the lipophilic 

phospholipid bilayers that surround the hydrophilic centre of the liposomes (Csongradi et al., 

2017:100).  From this information, it can be recognised that the phosphatidylcholine contributes 

to the lipophilicity of the liposome bilayers. 

Dispersion 1 contained more phosphatidylcholine compared to cholesterol (ratio of 4:1).  It is 

evident from the results gathered after skin diffusion studies that a higher amount of the 

phospholipid in the formulation retained the API within the liposome, with a decrease in the 

release of the drug due to high affinity for the lipid.  A possible explanation is that 

phosphatidylcholine presents with a HLB value of 4.5, which is more soluble in oil compared to 

cholesterol, which presents with a lower HLB value of 2.7 and is more soluble in water. 

Previous studies reported that roxithromycin is lipophilic in nature, with a high affinity for the lipid 

bilayers in the vesicles (Csongradi et al., 2017:100).  The higher phosphatidylcholine 

concentration led to an increase in the entrapping ability of the API within the lipid bilayers of the 

liposomes (Patel & Misra, 1999:364).  This concentration increased the amphiphilic properties 

of the lipid membrane and it is possible that this led to an increase in the entrapping of the API 



 

218 
 

in the lipids (Patel & Misra, 1999:364).  Thus, the drug-loaded vesicles interacted with the 

phosphatidylcholine lipids, leading to a decrease in the drug release, due to the formation of a 

very low concentration gradient of the drug (Kassem et al., 2017:266).  There is a possibility that 

the API did not leave the liposome formulation, and remained within the lipid vesicles, due to the 

lipophilicity of the API and the phosphatidylcholine. 

The results for skin diffusion studies showed that dispersions 2 and 3 were successful in 

delivering roxithromycin into the systemic circulation of the dermal region.  The results illustrated 

that dispersion 2 had higher concentration values of the API in the systemic circulation when 

compared to dispersion 3.  The results indicated the dispersions had adequate features for 

transdermal drug delivery.  The lipophilic properties should aid in the penetration of the stratum 

corneum with its highly lipophilic nature, as well as the hydrophilic areas of the deeper skin 

layers due to an increase in its water solubility (Perrie et al., 2012:393). 

The tape stripping experiments illustrated that roxithromycin was quantified in both the SCE and 

ED.  The SCE results indicated that all nine dispersions delivered the API to the outermost skin 

layer and that all nine dispersions had values above the LOD and LLOQ.  The dispersion with 

the highest average concentration in the SCE was RM2 and the lowest was dispersion CD1.  

The ED results indicated that all nine dispersions had the ability to transport the API to deeper 

skin layers.  However, only seven of the nine dispersions had values above the LOD and LLOQ.  

Again, RM2 was the leading dispersion with the highest average concentration in the ED and 

RM1 was the lowest.  It should be noted that dispersions 2 and 3 had the highest concentration 

of the API within the SCE and ED.  Thus, the composition of the vesicle is considered important 

for topical and transdermal drug delivery.  The results can be ascribed to the liposome bilayer 

consisting of the same lipids as found in the skin, leading to fusion of the liposome with the skin 

membrane and releasing the drug from the vesicle for therapeutic action.  Hence, interactions 

between the liposome membrane and the stratum corneum intercellular lipids were the main 

reason for the penetration of the API within this layer (Sakdiset et al., 2018:64). 
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