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“We’ve always defined ourselves by the ability to overcome the 

impossible.  And we count these moments.  These moments when we 

dare to aim higher, to break barriers, to reach for the stars, to make 

the unknown known.  We count these moments as our proudest 

achievements.  But we lost all that.  Or perhaps we’ve just forgotten that 

we are still pioneers.  That we’ve barely begun.  That our greatest 

accomplishment cannot be behind us, because our destiny lies above 

us” 

 Cooper, Interstellar 
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ABSTRACT 

The aim of this study was to establish whether liposomal or niosomal vesicle systems 

containing roxithromycin could be developed further into semi-solid formulations (emulgels) for 

topical delivery of the active pharmaceutical ingredient (API).  Resistance against the current 

first-line treatment of inflammatory lesions has increased, urging the development of a novel 

acne treatment product.  It has been found that the acne causing microorganism located in the 

epidermis-dermis is susceptible to roxithromycin.  Previous studies stated that different solid-

state forms of roxithromycin could be included into thin-films, rendering it into an amorphous 

state irrespective of the initial solid-state. 

Three solid-state forms of roxithromycin were used for this study, i.e. roxithromycin 

monohydrate (MH), roxithromycin chloroform solvate (CS) and roxithromycin anhydrate (AH).  

Fourier-transform infrared spectroscopy (FTIR) and thermogravimetric analysis (TGA) was 

performed to confirm the properties of these solid-states used; obtained FTIR data correlated 

with previously reported research. 

The formulation strategies made use of liposomes or niosomes as drug delivery vesicles.  To 

ensure the suitability of the chosen solid-states and vesicle systems, the vesicles were 

characterised by means of morphology, droplet size, pH, zeta-potential and drug entrapment 

efficiency (EE%).  Acceptable results were obtained for both liposomal and niosomal 

dispersions containing the different encapsulated solid-states of roxithromycin. 

As no topical product containing roxithromycin is currently available on the market, it was 

decided to establish if the encapsulated API could be formulated into a semi-solid formulation.  

Every vesicle preparation was included in an emulgel separately.  All prepared emulgels had a 

smooth, gel-like consistency.  The liposomal emulgels presented with a light yellow colour, while 

the niosomal emulgels had a white colour, due to the different excipients used during 

preparation. 

The stability of the formulated products was examined over a period of three months, according 

to the International Conference of Harmonisation (ICH) Tripartite Guideline and the South 

African Health Products Regulatory Authority (SAHPRA).  The stability tests consisted of 

concentration assay, pH, viscosity, mass loss, zeta-potential, droplet size and physical 

appearance.  The pH and mass variation resulted in satisfactory results over the three months 

period, whilst the concentration assay, viscosity, zeta-potential and droplet size resulted in 

unwanted changes.  It could thus be concluded that these formulations were not yet suitable for 

bulk manufacture and improved emulgels ought to be developed. 
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Membrane release studies were performed on the emulgels, followed by skin diffusion studies 

and tape stripping.  All emulgels resulted in satisfactory API release during the membrane 

release study.  The small amount of API delivery during transdermal diffusion was a favoured 

outcome, since systemic effects and toxicity would be minimal.  All the emulgels permeated the 

stratum corneum-epidermis.  All liposomal emulgels resulted in API delivery to the intended 

target-site (epidermis-dermis), with the niosomal CS resulting in the best target-site delivery. 

It was established that quantifiable concentrations of roxithromycin encapsulated in liposomes 

and niosomes were found at the target-site.  It is therefore possible to include encapsulated 

roxithromycin into an emulgel for topical delivery, but it is necessary to ensure a stable 

formulation for future use. 

Keywords: Emulgel, liposomes, niosomes, roxithromycin, topical drug delivery 
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UITTREKSEL 

Die doel van hierdie studie was om vas te stel of semi-vasteformulerings (emuljelle) ontwikkel 

kon word vanaf liposoom- of niosoomvesikelsisteme wat roksitromisien bevat vir die topikale 

aflewering van die aktiewe farmaseutiese bestanddeel (AFB).  Weerstandigheid het toegeneem 

teen die huidige eerste-linie behandeling van inflammatoriese letsels, wat die ontwikkeling van 

'n nuwe produk vir akneebehandeling aanmoedig.  Daar is gevind dat die mikro-organisme wat 

aknee veroorsaak in die epidermis-dermis voorkom en dat dit vatbaar is vir roksitromisien.  

Vorige studies het bewys dat verskillende soliedefasevorme van roksitromisien in dun films 

ingesluit kon word wat veroorsaak dat roksitromisien oorgaan tot 'n amorfetoestand, ongeag 

van die aanvanklike soliedefasevorm wat gebruik is. 

Drie soliedefasevorme van roksitromisien is tydens die studie gebruik, naamlik roksitromisien-

monohidraat (MH), roksitromisienchloroformsolvaat (CS) en roksitromisienanhidraat (AH).  Die 

eienskappe van hierdie soliedefasevorme wat gebruik is, is bevestig deur gebruik te maak van 

Fourier-transformasie-infrarooispektroskopie (FTIR) en termogravimetriese analise (TGA).  Die 

FTIR resultate wat behaal is, het met voorheen gerapporteerde navorsing verband gehou. 

Die formuleringstrategieë het van liposome of niosome gebruik gemaak as vesikelsisteme vir 

geneesmiddelaflewering.  Die vesikels was gekarakteriseer op grond van hul morfologie, 

druppelgrootte, pH, zeta-potensiaal en geneesmiddelenkapsuleringseffektiwiteit (EE%) om die 

geskiktheid van die geselekteerde soliedefasevorme en vesikelsisteme te verseker.  

Aanvaarbare resultate was vir beide die liposomale- en niosomaledispersies verkry wat die 

verskillende geënkapsuleerde soliedefasevorme van roksitromisien bevat. 

Aangesien daar tans geen topikale produk op die mark beskikbaar is wat roksitromisien bevat 

nie, is daar besluit om vas te stel of 'n semi-soliede formulering vervaardig kon word wat die 

geënkapsuleerde AFB insluit.  Elke vesikelsisteem was afsonderlik in 'n emuljel ingesluit.  Alle 

voorbereide emuljelle het 'n gladde, jelagtige samestelling getoon.  As gevolg van die 

verskillende hulpstowwe wat tydens voorbereiding gebruik was, het die liposoomemuljelle ‘n 

liggeel voorkoms getoon, terwyl die niosoomemuljelle 'n wit kleur gehad het. 

Die stabiliteit van die geformuleerde produkte was oor 'n tydperk van drie maande volgens die 

Internasionale Konferensie vir Harmonisasie (ICH) se drieledige riglyne en die Suid-Afrikaanse 

Gesondheidsprodukte-regulerende owerheid (SAHPRA) ondersoek.  Die stabiliteitstoetse het 

konsentrasiebepaling, pH, viskositeit, massaverlies, zeta-potensiaal, druppelgrootte en fisiese 

voorkoms ingesluit.  Die pH en massavariasie het bevredigende resultate oor die drie maande 

tydperk getoon, terwyl die konsentrasiebepaling, viskositeit, zeta-potensiaal en druppelgrootte 

ongewenste veranderinge tot gevolg gehad het.  Die gevolgtrekking kon dus gemaak word dat 
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hierdie formulerings nog nie vir grootmaatvervaardiging geskik was nie en dat verbeterde 

emuljelle ontwikkel moet word. 

Membraanvrystellingstudies gevolg deur veldiffusiestudies en kleefbandstroping was op die 

emuljelle uitgevoer.  Alle emuljelle het tydens die membraanvrystellingstudie bevredigende AFB 

vrystelling getoon.  Die klein hoeveelheid AFB wat tydens die transdermalediffusie afgelewer 

was, was 'n gunstige uitkoms aangesien sistemiese effekte en toksisiteit minimaal sou wees.  Al 

die emuljelle het die stratum korneum-epidermis binnegedring.  Al die liposoomemuljelle was 

suksesvol gewees om die AFB tot in die beplande teikenarea (epidermis-dermis) af te lewer, 

alhoewel die niosoomemuljel wat CS bevat die beste aflewering in die teikenarea getoon het. 

Kwantifiseerbare konsentrasies van roksitromisien, wat in die liposome en niosome 

geënkapsuleer was, was in die teikenarea gevind.  Dit is dus moontlik om geënkapsuleerde 

roksitromisien in 'n emuljel vir topikale geneesmiddelaflewering in te sluit, maar dit is nodig vir 

toekomstige gebruik om 'n stabiele formulering te verseker. 

Sleutelwoorde: Emuljel, liposome, niosome, roksitromisien, topikale geneesmiddelaflewering 
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CHAPTER 1 

INTRODUCTION, AIMS AND OBJECTIVES 

1.1 Introduction 

The active pharmaceutical ingredient (API), roxithromycin, is classified as a semi-synthetic 

macrolide antibiotic and is a 14-membered lactone ring derivative of erythromycin (Bryskier, 

1998:1).  According to Ostrowski et al. (2010:83), roxithromycin can be used in the treatment of 

infections of the respiratory tract, genitourinary tract, skin and soft tissue.  The human skin is the 

largest organ of the integumentary system, providing an ideal surface area for topical drug 

administration (Williams, 2003:1).  Topically applied antibiotics are generally used for the 

treatment of mild to moderate acne infections due to the bacteriostatic effect of the inflammatory 

agent, Propionibacterium acnes (P. acnes) (Oschsendorf, 2006:829). 

Previous studies showed that the acne causing microorganism, P. acnes, is susceptible to 

roxithromycin, ensuring effective treatment of mild to moderate inflammatory acne (Glowka et 

al., 2014:83; Wosicka-Frackowiak et al., 2015:816).  In acne, the pilosebaceous units of the skin 

are affected, resulting in either inflammatory or non-inflammatory lesions (Ayer & Burrows, 

2006:500; Bershad, 2001:279).  The target-site of roxithromycin is the sebaceous follicles found 

in the dermis where P. acnes accumulates (Gollnick, 2003:1585).  First-line treatment for 

inflammatory lesions currently consists of clindamycin or erythromycin, but in recent years’ 

resistance against P. acnes strains has surfaced due to the continuous use of this treatment 

(Lavers, 2014:334).  By applying roxithromycin topically P. acnes can be reached directly for the 

bacteriostatic effect, but up until this point in time this result could not be obtained due to the 

poor water solubility of roxithromycin.  This has led to the interest in screening for other solid-

state forms of roxithromycin, as altering the solid-state properties of an API can manipulate the 

physicochemical factors and even improve the solubility (Threlfall, 1995:2452). 

Many different solid-state forms of roxithromycin are known (Aucamp et al., 2012:475, Aucamp 

et al., 2013:18; Bawa, 2007; Du Plessis, 2004; Milne et al., 2016), as of yet none included in 

topical applications.  It has since been reported that several of these solid-state forms could be 

included into thin-films, which serve as precursors for drug delivery vesicles (Csongradi, 

2015:100; Boshoff, 2018:65; Swart, 2019:86).  It was also found that roxithromycin is rendered 

in an amorphous state when included in thin-films, irrespective of the initial solid-state, due to 

the preparation of an amorphous solid dispersion.  It is most likely that an amorphous solid 

dispersion occurs when the API is combined with excipients such as cholesterol, 

phosphatidylcholine and Span® 60, which are used when preparing liposome or niosome vesicle 

systems (Newman et al., 2012:1356).  Including roxithromycin into vesicle delivery systems, 
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such as liposomes and niosomes not only improves bioavailability of the API, it also attributes to 

targeted topical delivery. 

Niosomes are hydrated vesicular systems formed from non-ionic surfactant(s) and are able to 

encapsulate various compounds with different solubilities (Kumar & Rajeshwarrao, 2011:216).  

Niosomes and liposomes are very similar vesicle systems, but the former is composed of non-

ionic surfactant(s), whereas phospholipids are used to form the latter (Kumar & Rajeshwarrao, 

2011:209).  Liposomes are very small vesicles that contain one or more concentric hydrophobic 

bilayer(s) surrounded by a fatty membrane (neutral or charged) that envelopes the internal 

aqueous volume (Bansal et al., 2012:705).  The drugs can be incorporated in the lipid bilayer 

that contains a hydrocarbon chain core (hydrophobic), the aqueous centre or on the surface of 

the liposome (Escobar-Chávez et al., 2012:212).  They have the ability to increase the solubility 

of poorly soluble drugs 100 – 1000-fold, as well as delivering hydrophilic and hydrophobic drugs 

topically (Bansal et al., 2012:709). 

Although it is advantageous to include roxithromycin in vesicles such as liposome and niosome, 

the challenge of providing a user-friendly product still exists.  According to Laouini et al. (2012), 

drug delivery vesicles, such as liposomes and niosomes, can easily be formulated in 

preparations such as suspensions, gels or creams.  Considering the target-site for API delivery, 

including the vesicle systems in a hydrogel base will result in an emulgel, which is a convenient 

self-administering dosage form (Ning et al., 2005:376).  To be able to provide a safe and 

effective product for the user, it is important to be aware of the stability and all possible 

degradants whenever a new pharmaceutical product is developed.  Accelerated stability tests 

use exaggerated storage conditions to provide an easy and time effective method to determine 

the quality, safety and efficacy of a pharmaceutical product (Barnes, 2007:661; Singh & Bakshi, 

2000:2).  An emulgel containing roxithromycin encapsulated in liposomes or niosomes 

respectively, proposes to deliver the API topically for the treatment of acne, which can be used 

as a dual therapy with existing systemic acne treatments. 

1.2 Problem statement 

Acne, which induces skin scarring, is a common problem that burdens more than 85% of 

adolescents (Ayer & Burrows, 2006:500).  It can be treated topically or systemically with 

antibiotics, but available treatment options have become problematic due to antimicrobial 

resistance (Lavers, 2014:334).  It has been established that roxithromycin is an effective 

antibiotic for the use of acne treatment (Glowka et al., 2014:83; Wosicka-Frackowiak et al., 

2015:816).  In a previous study, Csongradi (2015) managed to improve targeted drug delivery of 

roxithromycin through topical drug delivery vesicles.  This was further investigated by Boshoff 

(2018) and Swart (2019), where different solid-state forms of roxithromycin were effectively 
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encapsulated in niosomes and liposomes as vesicle delivery systems.  Presently, there is no 

topical pharmaceutical product on the market that contains roxithromycin. 

1.3 Aims and objectives 

The aim of this study was to establish whether liposomal or niosomal vesicle systems containing 

roxithromycin, may be developed further into emulgel formulations for topical application.  

Considering the formulation of emulgels from a cost point of view, scalability and since it was 

already established that thin-film preparation renders roxithromycin in the amorphous state, it 

was decided to only include solid-state forms that could either be purchased or be prepared 

very easily.  The formulation strategies made use of liposomes and niosomes, respectively as 

drug delivery vesicles, which subsequently was formulated into an emulgel.  The stability of the 

formulated products was examined over a period of three months according to the International 

Conference of Harmonisation (ICH) Tripartite Guideline and the South African Health Products 

Regulatory Authority (SAHPRA). 

The objectives of this research study were: 

 Verification of suitability of the high performance liquid chromatography (HPLC) method 

for roxithromycin. 

 Preparation of anhydrate (AH) and chloroform solvate (CS) solid-state forms of 

roxithromycin. 

 Solid-state characterisation by investigating the morphology using microscopy 

techniques, followed by confirming correlation of physicochemical attributes using 

Fourier-transform infrared spectroscopy (FTIR) with that already reported in literature. 

 Performing thermogravimetric analysis (TGA) to determine the hydration or solvation 

level of the three crystalline forms of roxithromycin. 

 Preparation of liposome and niosomes containing the individual solid-state forms of 

roxithromycin (AH, CS) and the monohydrate form (MH). 

 Characterisation of drug delivery vesicles with and without the API in terms of drug 

entrapment efficiency (EE%), morphology, pH, physical appearance, droplet size and 

zeta-potential. 

 To formulate an emulgel containing these liposomes and niosomes separately as drug 

delivery vesicles. 

 Determination of the stability of the emulgels containing the loaded or unloaded vesicles 

in accordance with ICH and SAHPRA guidelines.  Stability was determined by means of 
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the following characterisation: pH, viscosity, mass loss, zeta-potential, droplet size and 

physical appearance.  Assay of the API was additionally evaluated for the emulgels 

containing the API. 

 The determination of the concentration of API released from the emulgel by means of 

membrane release studies. 

 The determination of transdermal and topical delivery of the APIs from the emulgel 

formulation by performing skin diffusion studies followed by tape stripping. 
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CHAPTER 2 

FORMULATION AND TOPICAL DELIVERY OF SEMI-SOLID DOSAGE FORMS 

CONTAINING ROXITHROMYCIN ENCAPSULATED IN VESICLES 

2.1 Introduction 

Acne is a chronic infection causing prodigious patient discomfort.  It is a common problem that 

burdens more than 85% of adolescents, inducing unprepossessing skin scarring and 

detrimental psychological damage (Ayer & Burrows, 2006:500; Dunn et al., 2011).  The 

blockage of sebaceous glands, together with the colonisation of Propionibacterium acnes is the 

leading cause of acne (Ayer & Burrows, 2006:500; Bershad, 2001:279).  The affected 

pilosebaceous units of the skin result in either inflammatory or non-inflammatory lesions. 

A variety of oral and topical acne treatment options are available and treatment should start as 

early as possible to minimise skin scarring and psychological damage.  The well-known problem 

with oral therapies is the extensive disadvantages, such as unpredictable absorption due to 

degradation by stomach acid and enzymes, low solubility, low bioavailability and the mucus 

barrier preventing drug penetration and subsequent absorption (Ensign et al., 2012:558).  The 

easy non-invasive nature of topical administration, resulting in total patient satisfaction, makes it 

a very attractive drug delivery option.  Topical preparations are also one of the mainstay 

therapies for acne, which includes antibiotics, however due to the increasing resistance of 

P. acnes towards the available antibiotics, a need for new treatment methods exists (Dessinioti 

& Katsambas, 2017:164; Feldman et al., 2004:2127; Nakase et al., 2016:160). 

The aim of acne treatment should be to reduce non-inflammatory lesions, improving existing 

inflammation and lowering the P. acnes population (Ayer & Burrows, 2006: 501; Feldman et al., 

2004:2129).  Previous studies showed that P. acnes is susceptible to roxithromycin, making it 

effective in the treatment of mild to moderate inflammatory acne (Csongradi et al., 2017:106; 

Glowka et al., 2014:83; Wosicka-Frackowiak et al., 2015:816).  Currently, there is no topical 

pharmaceutical product on the market that contains roxithromycin. 

The challenge of topical preparations arises when drugs, especially those with a high molecular 

weight, are poorly lipid soluble resulting in very slow absorption, since the skin is an 

exceptionally effective barrier (El Maghraby et al., 2008:204; Wang et al., 2003:1612).  Altering 

the solid-state properties of an API can manipulate the physicochemical factors and improve 

some properties of the API, such as the solubility (Threlfall, 1995:2452), while emulsion-based 
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gels can also provide an appropriate medium for the delivery of hydrophobic APIs to the skin 

(Ajazuddin et al., 2013:124). 

The skin is composed of various distinct layers, including the lipophilic stratum corneum, which 

is mainly responsible for the function of being a protective barrier against the loss of 

physiologically essential substances and to the diffusion of potentially toxic chemicals from the 

external environment into the body, consequently influencing the topical delivery of drugs 

(Bouwstra & Ponec, 2006:2081; Foldvari, 2000:417; Naik et al., 2000:318).  Overcoming this 

extraordinary barrier requires the employment of enhancement technologies, such as drug 

carriers, to contribute to more efficient drug delivery and absorption (Foldvari, 2000:417).  In 

previous studies, liposomes and niosomes have proved to be effective drug carriers (Csongradi 

et al., 2017:106). 

Drug carriers, like liposomes and niosomes, can easily be formulated in preparations such as 

suspensions, gels or creams (Laouini et al., 2012:160).  Compared to other topical drug delivery 

systems, emulgels show better drug release due to a lack of excess oily bases and insoluble 

excipients (Ajazuddin et al., 2013:123).  Adding vesicle systems to a hydrogel, results in a 

convenient self-administering dosage form (Ning et al., 2005:376).  To guarantee the quality, 

safety and efficacy of a semi-solid dosage form, stability testing is required (Singh & Bakshi, 

2000:2). 

The formulation of an emulgel containing liposomes or niosomes as drug carrier systems 

proposes to deliver roxithromycin topically for the treatment of acne, which can be used as a 

dual therapy with existing systemic acne treatments. 

2.2 Acne 

Strauss et al. (2007:652) defined acne as a chronic inflammatory dermatosis, which consists of 

open comedones (blackheads), closed comedones (whiteheads) and inflammatory lesions such 

as nodules, pustules and papules. 

2.2.1 Pathogenesis of acne 

Acne is a multifactorial disease, and genetic factors, stress, androgens and excess sweating 

can all influence the development of the condition (Ayer & Burrows, 2006:500).  The four main 

pathological factors leading to the development of acne are: (1) increased sebum production, 

(2) hyperproliferation of the follicular epithelium, (3) P. acnes proliferation and (4) inflammation 

of the area (Gollnick et al., 2003:S2). 
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2.2.1.1 Excess sebum production 

The face, chest, upper back and upper arms are known to have a high density of sebaceous 

glands (Lavers, 2014:330).  Increased sebum production and secretion are caused due to 

androgen hormones, in particular testosterone.  The importance of increased sebum production 

is the direct correlation to the severity and occurrence of acne lesions (Gollnick, 2003:1581). 

2.2.1.2 Ductal epidermal hyperproliferation 

Follicular hyperkeratinisation leads to a change in the follicular milieu, with consecutive 

proliferation of bacteria, primarily P. acnes.  One of the characteristics leading to the 

development of an acne lesion is hypercornification of the follicle wall (Jeremy et al., 2003:20).  

The gathering of the abnormal desquamated corneocytes in the sebaceous follicle, along with 

other lipids and monofilaments, results in comedogenesis (Cunliffe et al., 2003:11).  The first 

step of acne development is the formation of the microcomedone, which forms as a result of 

abnormal regulation of the cells within the hair follicle.  Once the microcomedone forms, dead 

skin cells and sebum are unable to leave the pore and visible non-inflammatory comedones and 

inflammatory acne lesions are developed.  If sebum continues to accumulate, the closed 

comedone will continue to expand and may rupture into the surrounding tissue (Gollnick, 

2003:1589). 

2.2.1.3 Propionibacterium acnes 

The microflora present in a normal sebaceous follicle includes three coexisting groups of 

bacteria, namely (1) coagulase-negative staphylococci (Staphylococcus epidermidis),  

(2) anaerobic diphtheroids (P. acnes and Propionibacterium granulosum) and (3) lipophilic 

yeasts (Pityrosporum species) (Burkhart et al., 1999:328).  P. acnes colonises in sebaceous 

follicles and are therefore prevalent in areas of the skin densely packed with sebaceous 

follicles.  These sebaceous follicles produce a rich lipid, anaerobic environment, causing the 

anaerobic, gram-positive pathogen (P. acnes) to flourish (Gollnick, 2003:1585). 

Even though all individuals have P. acnes present on the surface of the skin, not all individuals 

will present with acne due to the differences in individual immune response to the pathogen 

(Webster, 2001:16).  According to McInturff and Kim (2005), a lipase enzyme produced by  

P. acnes metabolises the triglycerides of sebum into glycerol and fatty acids, which may in turn 

assist in the formation of comedones and the inflammation that follows.  Being the most 

plausible organism to cause Acne vulgaris, P. acnes is the target of oral and topical antibiotic 

treatments (Burkhart et al., 1999:328). 
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2.2.1.4 Immune reactions and inflammation 

High sebum concentrations and follicular hyperkeratinisation causing proliferation of P. acnes 

leads to increased production of the pro-inflammatory cytokines, interleukin-1α (IL-1-α) and 

tumour necrosis factor-α (TNF-α) by T-cells and keratinocytes, this leads to the proliferation of 

both cell types.  Not being able to differentiate by apoptosis, follicular keratinocytes produce 

hypergranulosis which is similar to the impermeable skin outer layer, resulting in the formation 

of microcomedones (Gollnick, 2003:1580). 

Further inflammatory responses lead to the development of increasing degrees of severity in 

inflammatory forms of acne (Jeremy et al., 2003:20).  The release of chemostatic factors, such 

as lymphocytes, neutrophils and macrophages, cause follicular damage resorting in the rupture 

and leakage of bacteria, fatty acids and lipids into the surrounding dermis, giving rise to 

inflammatory lesions (pustules, nodules, cysts and papules), which are filled with pus and are 

larger than non-inflammatory lesions (Feldman et al., 2004:2123). 

2.3 Novel acne treatment 

The treatment of acne aims to reduce sebum production, bacterial proliferation and 

inflammation, and normalise increased cell turnover, with the aim of preventing lesion 

development and treating existing lesions (Lavers, 2014:334). 

According to Csongradi et al. (2017), there is wide variation in existing acne regimens; it can be 

treated topically or systemically with oral drugs, while other treatment options include the use of 

natural products or the use of non-drug treatments. 

Due to growing resistance in acne treatment an opportunity arises to investigate and develop a 

novel topical acne treatment (Dessinioti & Katsambas, 2017:164; Feldman et al., 2004:2127; 

Nakase et al., 2016:160). 

2.3.1 Topical antibiotics 

Topical antibiotics are commonly prescribed for mild to moderate inflammatory lesions.  First-

line treatment currently consists of clindamycin or erythromycin, which has activity against 

P. acnes and reduces the stimulus for inflammation of the lesions.  In recent years, due to the 

continuous use of this first-line treatment, resistance against P. acnes strains has surfaced 

(Lavers, 2014:334).  To ensure the effective treatment of P. acnes a derivate from erythromycin 

was developed, known as roxithromycin (Glowka et al., 2014:76; Wosicka-Frackowiak et al., 

2015:808). 
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2.4 Roxithromycin as acne treatment 

Roxithromycin ((E)-erythromycin-9-[O-[(2-methoxyethoxy)methyl]oxime]) is classified as a 

second generation macrolide antibiotic, with semi-synthetic properties assembled in a  

14-membered lactone ring with a desosamine sugar unit and a cladinose sugar unit (Bryskier, 

1998:1).  Although the in vitro spectrum of antibacterial activity of roxithromycin is similar to 

erythromycin, it has a greater potency as well as longer action, whilst another advantage to 

consider is fewer undesired interactions than erythromycin because of roxithromycin’s lower 

cytochrome P450 (CYP450) activity (Glowka et al., 2014:76; Ostrowski et al., 2010:83).  The 

bacteriostatic, as well as bactericidal effects, deems it an ideal candidate for acne treatment. 

 

Figure 2.1: Structure of roxithromycin (Drugbank, 2019) 

2.4.1 Mechanism of action 

Roxithromycin inhibits the production of inflammation causing compounds, such as lipase, by 

binding to the 50s ribosomal subunit of bacterial micro-organisms; protein synthesis and growth 

are inhibited in return (Drugbank, 2019; MacDougall & Chambers, 2011; Wosicka-Frackowiak et 

al., 2015:808).  Concentration dependant bacteriostatic and bactericidal effects are possessed 

by roxithromycin (Medsafe, 2017). 

2.4.2 Physicochemical information 

Roxithromycin monohydrate (C41H76N2O15) is characterised by a molecular weight of 

837.058 g/ml with a octanol-water partition coefficient (log P) of 3.1 and octanol-buffer 

distribution coefficient (log D) value of 1.52 (Pubchem, 2019; Csongradi, 2015).  It can be 

described as a white crystalline powder, which is a semi-synthetic macrolide antibiotic with 

similar properties to erythromycin (Pubchem, 2019).  It is an anhydrous substance with 96.0 –
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 102.0% content; meant to be stored in a cool, dry place in a closed container protected from 

sunlight and moisture (Medsafe, 2017).  According to Guidlink (2017:1), it is very slightly soluble 

in water, only slightly soluble in diluted hydrochloric acid and freely soluble in acetone, alcohol 

and methylene chloride.  It has been found to have a melting point of 116 – 122°C and pKa 

value of 9.17 (Aucamp et al., 2012:469; Qiang & Adams, 2004:2878). 

2.4.3 Clinical uses, adverse effects and contra-indications of roxithromycin 

Macrolides, such as the likes of roxithromycin, can be used in the treatment of infections of the 

respiratory tract, genitourinary tract, skin, soft tissue and orodental infections caused by gram-

positive cocci and bacilli, or gram-negative cocci and some bacilli (Bryskier, 1998:1; Ostrowski 

et al., 2010:83).  Roxithromycin is the API of choice for this study, since it has been proven to be 

effective in the treatment of P. acnes (Katz & Mankin, 2009:532-534).  The sebaceous follicles 

in the dermis (where P. acnes gather) will be the target-site, as a bacteriostatic effect can be 

obtained with topical application, while avoiding systemic circulation greatly. 

Even with topical dosage forms, possible systemic toxicity should be accounted for as 

precaution.  Gastrointestinal symptoms are common with roxithromycin use; this includes but is 

not limited to abdominal pain, diarrhoea or nausea and vomiting.  Less common side-effects to 

take note of include hypersensitivity reactions such as headache, pruritus or skin rash (MIMS, 

2016:278).  Despite its lower affinity to CYP450, it can interact with other drugs and is contra-

indicated in patients with known macrolide hypersensitivity or impaired hepatic function, as well 

as patients using astemizole, cisapride, ergot alkaloid derivatives, pimozide or terfenadine 

(MIMS, 2016:278). 

2.5 Solid-state properties of active pharmaceutical ingredients 

The majority of drug products exist at some point as a solid material before formulation or 

dissolution.  A single API can exist in several solid-state forms (Brittain, 2009:1), with these 

different solid-states of the same drug presenting with diverse properties due to differences in 

crystal order (Vippagunta et al., 2001:4).  Using alternative solid-state forms of a specific drug 

provide an opportunity to resolve formulation or delivery problems of abandoned APIs, such as 

the poor water soluble roxithromycin, while cutting the costs of developing an entire new drug 

(SSCI, 2019; Biradar et al., 2006:22). 

2.5.1 Classification, structure and stability of solid-state forms 

A solid-state compound can belong to the crystalline or amorphous group (Lee et al., 2008:580), 

as schematically represented in Figure 2.2. 
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2.5.1.1 Crystalline form 

The most common solid-state that occurs in the industry is the crystalline form, where the 

structural units are similar and indefinitely recurrent in a three-dimensional space (Vippagunta et 

al. 2001:4).  According to Florence and Attwood (2015:8), the highly ordered arrangement of 

molecules and atoms of crystals are bound by non-covalent interactions.  Polymorphs originate 

from crystalline solids when the material crystallises into different crystal packaging 

arrangements or conformations and can be subdivided into multicomponent crystals, such as 

hydrates, solvates or co-crystals (Vippagunta et al., 2001:4).  Arora and Zaworotko (2009:282) 

defines co-crystals as “…a stoichiometric multiple component crystal in which all components 

are solid under ambient conditions when in their pure form.”  They further claim that a co-crystal 

is inclusive of a co-crystal former together with a target ion or molecule coexisting in a single 

crystal.  Hydrates form when a crystal entraps water, while solvates (also known as 

solvatomorphism) entrap solvents during crystallisation; these solvents occupy voids in the 

crystal and therefore the crystal lattice is not destroyed by desolvation (Florence & Attwood, 

2015:25).  Crystalline solids and polymorphs possess identical chemical composition, meaning 

they will have the same chemical behaviour in solution regardless of the form in which it is 

presented, although bioavailability, adaptability for manufacture and toxicity may most likely 

differ (Florence & Attwood, 2015:14). 

2.5.1.2 Amorphism 

Amorphous solids are less stable than their crystalline counterparts because they exist in a 

higher energy state.  They are more likely therefore to display greater chemical reactivity, 

causing them to convert back to the more thermodynamically stable crystalline form during 

handling and storage (Florence & Attwood, 2015:25).  Amorphous forms have been investigated 

since 1969 (Simonelli et al., 1969) to secure higher solubility and faster dissolution of APIs.  The 

two types of amorphous forms known are the neat API and amorphous solid dispersions 

(ASDs).  Even though these forms have vast microscopic variances, they both have the 

potential to increase solubility and the dissolution rate.  A neat API consists only of the pure 

drug, and the packing of the molecules results in a weakened attractive energy between the 

drug molecules; thus the drug molecules have a low energy barrier to go into solution.  In an 

ASD, the energy barrier of the drug molecules are disrupted by dispersion in a solid medium 

(Bellantone, 2014:3). 
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Figure 2.2: Schematic representation of solid-state forms with a) single component API,  

b) polymorph of single component API, c) hydrate or solvate of API, d) solvate of 

API and e) amorphous form of API (Adapted from Arora et al., 2009:283) 

2.5.2 Thermodynamics of solid-state forms 

The dissolved and undissolved form of an API should be taken in consideration when 

discussing the typical behaviour of material based on energy contents.  A dissolved drug can be 

envisioned as replacing holes in a solvent with drug molecules to form a uniform dispersion in 

the matrix, where the drug and solvent molecules interact with one another (Bellantone, 

2014:7).  Although dissolution has been described by numerous models, the Hildebrand-Scott 

model remains well-known and trusted (Hildebrand & Scott, 1950).  Their model embraces the 

differences in interaction between the pure state, drug versus drug or solvent versus solvent, 

and the solution state between drug versus solvent.  The “hole” model as described by Martin et 

al. (1983) and Hill (1986) can be applied to calculate these previously mentioned differences, 

where the holes and drug molecules are taken through a sequence of theoretical steps.  As the 

Gibbs free energy is a state function of thermodynamics, these theoretical steps do not have to 

transpire in reality, but they still offer a way to calculate the changes in energy due to dissolution 

(Klotz & Rosenberg, 1964).  The changes in Gibbs energy only take the initial and final state 

into account, which corresponds with “Hess’ law” of thermodynamics, as stated by Atkins 

(1998).  Dissolving any solid-state in a fluid solvent is demonstrated by the sequence illustrated 

in Figure 2.3.  The lower activation energy of amorphous systems is due to starting at a higher 

level than the crystalline API, leading to faster dissolution kinetics, but then again all liquid forms 

of an API have corresponding Gibbs energy regardless of the initial solid-state (Bellantone, 

2014:9).  Amorphous forms have advantages over their crystalline equivalent, such as superior 

solubility and bioavailability, as they are more energetic due to the absence of long-range order 

(Ilevbare et al., 2010:9). 

a) Crystalline API b) Polymorph  d) Solvatomorph B e) Amorphism c) Solvatomorph A 
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Figure 2.3: Gibbs energy diagram for API dissolution, with phases: a) initial state of 

undissolved API, b) supercooled liquid API and empty solvent, c) separate drug 

molecules and holes in the solvent and, d) final solution with dissolved drug in 

solvent (Adapted from Bellantone, 2014:9) 

Results obtained by Aucamp et al. (2013:26) underlined the importance of the different solid-

state forms during or after product formulation.  It was also stated that known metastable 

amorphous forms are extremely likely to undertake solution-mediated conversion; this statement 

is also supported by Brittain (2009:34) and Britannica (2009), where it is claimed that it is 

inevitable for polymorphic and amorphous states not to be subjected to solution-mediated 

transformation.  Roxithromycin is rendered in an amorphous state when thin films are prepared, 

regardless of whether the crystalline or amorphous forms are used during preparation.  An ASD 

is prepared when the API is combined with excipients such as cholesterol, phosphatidylcholine 

and Span® 60, resulting in the amorphous state of the API.  According to Van den Mooter 

(2012:e79), ASDs are particularly used to increase the bioavailability of poorly soluble APIs, 

such as roxithromycin.  When an API and polymer is dissolved in a suitable solvent, it results in 

an ASD (Newman et al., 2012:1356). 

2.5.3 Different solid-states of roxithromycin 

As mentioned before, an API can exist in more than one form; it is important therefore to be 

familiar with the properties of the solid-state form used during production as any change in the 

crystal form can alter the bioavailability of an API.  Pappa-Louisi et al. (2001:57) stated that 

roxithromycin gained a lot of interest over the past few years due to its high stability in an acid 

environment, such as the stomach, increased oral bioavailability and favourable 

pharmacokinetic performance.  Many completed studies focused on identifying possible crystal 

forms of roxithromycin.  Du Plessis (2004) described six different forms of roxithromycin 

including polymorphic, pseudopolymorphic and amorphous forms.  Bawa (2007) described 

Crystalline 
API 

Amorphous 
API 

Solution 

“Ready to mix” 

Supercooled 
liquid API 

G
ib

b
s
 e

n
e
rg

y
 

Phase a) Phase b) Phase c) Phase d) 



 

17 
 

recrystallised forms of roxithromycin from chloroform, ethyl acetate, dichloromethane and 

acetonitrile, while Aucamp et al. (2012) investigated chloroform solvate and chloroform 

desolvate solid-state forms of roxithromycin.  Aucamp et al. (2013) discussed solution-mediated 

changes of an anhydrate and amorphous form of roxithromycin.  It is evident that several solid-

state forms of roxithromycin exist, while the challenge of poor oral bioavailability (only 50%) due 

to low aqueous solubility of the API has not yet been fully resolved (Van Niekerk, 2011:xviii).  

Taking the latter into consideration, it is worthwhile to investigate alternative methods for the use 

of solid-state roxithromycin, such as topical treatments, seeing as none are currently available. 

2.6 The skin and topical/transdermal drug delivery 

Topical and transdermal administration of drugs has gained popularity over the past few years, 

as they offer excellent patient compatibility, while avoiding first-pass metabolism resulting in 

fewer side-effects than their oral counterparts.  Transport of a drug to viable epidermal or 

dermal tissue followed by systemic circulation of the administered drug is known as transdermal 

delivery, while topical delivery aims to retain the administered drug in a certain skin layer 

identified as the target-site (Roberts et al., 2017:87; Williams, 2013:676).  Having a good 

understanding of the structure and function of the skin layers will contribute to successful 

transdermal and topical drug delivery. 

2.6.1 Advantages and limitations of the topical drug delivery route 

When choosing a delivery route, the advantages and disadvantages of all viable options should 

be considered to determine if the selected route is the most effective and efficient option.  Some 

advantages of topical and transdermal drug delivery to consider over other delivery systems are 

(Prausnitz & Langer, 2008:1261; Shingade et al., 2012:66): 

1. Not exposed to first-pass metabolism; 

2. Simple to use with several accessible sites for absorption; 

3. Reduced side-effects due to absent or low plasma concentration levels; 

4. Easy elimination in case of toxicity; 

5. Better patient compliance with reduced inter- and intra-patient variability; 

6. Generally inexpensive. 

The following challenges should be kept in mind (Ghulaxe & Verma, 2015:3; Shingade et al., 

2012:66): 

1. A limited number of drugs are pliable to be administered by this route; 
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2. Molecule size can limit penetration through the stratum corneum if the molecular weight 

surpasses 500 Da; 

3. Hydrophilic drugs result in poor delivery; 

4. Extreme partition coefficients can cause drugs not to reach blood circulation; 

5. Only very potent drugs with small concentrations can overcome the skin barrier; 

6. Skin irritation or similar adverse effects may be experienced with this route. 

2.6.2 Structure and function of the skin 

Pharmaceutical substances can be conveniently administered to the skin for topical and 

systemic therapeutic effects (Benson & Watkinson, 2012:3; Naik et al., 2000:319).  The skin is 

the biggest protective barrier against chemical, physical, pathogen and other external factors 

(Dayan, 2005:67; Hadgraft, 2004:291).  Other than the primary function of providing a barrier, 

the skin also maintains a homeostatic balance to the body, while regulating blood pressure and 

body temperature (Benson & Watkinson, 2012:3).  The skin is also a significant sensory organ 

and plays a central role in Vitamin D production (Menon, 2002:4), and is composed of various 

different cells, divided in four anatomical layers, i.e. non-viable stratum corneum, viable 

epidermis, viable dermis and hypodermis (Pathan & Setty, 2009:174).  A basic understanding of 

every skin layer can contribute to successful drug application to achieve optimal results (Benson 

& Watkinson, 2013:3; Kute & Saudagar, 2013:272). 

 

Figure 2.4:  Simplified representation of the four major layers of the human skin and their size 

(adapted from Geerligs, 2010:4) 
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2.6.1.2.1 The epidermis 

The epidermal layer consists of a non-viable and a viable layer, which consist of melanocytes, 

keratinocytes and Langerhans cells (Williams, 2013:678).  The viable layer can be separated in 

three separate layers: stratum basale, stratum spinosum and stratum granulosum, with the non-

viable layer being identified as the stratum corneum (Asbill & Michniak, 2000:36). 

2.6.2.1.1 The non-viable epidermis 

The outmost layer of the epidermis is compiled of 10 – 15 layers of corneocytes and is known 

as the stratum corneum, or the non-viable epidermis (Foldvari, 2000:417).  According to Barry 

(2001:101), the stratum corneum function as a rate-limiting hindrance for drug delivery due to 

numerous layers consisting of proteins and lipids, creating an interlocking resistant complex 

structure.  Washington et al. (2001:183) described this complex structure as a “brick and mortar” 

structure, where keratin-filled corneocytes are identified as bricks and the intercellular matrix, 

compiled of long chain ceramides, triglycerides, free fatty acids, cholesterol sulphate, sterol 

esters and cholesterol, which surrounds the cells - the mortar.  Due to the intercellular matrix, 

hydrophilic drugs have a difficult time permeating this layer (Williams, 2013:680).  Permeation 

enhancement is to bypass or disrupt this challenging “brick and mortar” area (Barry, 2006:5). 

2.6.2.1.2 The viable epidermis 

The first layer of living cells in the outmost layer, consisting of keratinocytes and dermal 

fibroblasts, are identified as the viable epidermis (Goyal et al., 2016:77).  Epidermis cells widely 

distributed within include melanocytes responsible for producing pigment, Langerhans cells 

responsible for immunological reactions, Merkel cells attributing sensing sensations and 

keratinocyte cell types (Kolarsick et al., 2011:203; Ng & Lau, 2015:7; Venus et al., 2010:471; 

Wickett & Visscher, 2006:S98).  The high fraction of water in this layer creates a barrier against 

lipophilic materials due to their great affinity for a non-polar aqueous environment (Jepps et al., 

2013:155).  The stratum corneum is maintained by the viable epidermis through proliferation 

and differentiation of keratinocytes (Brown et al., 2006:175; Williams, 2003:1). 

2.6.2.2 The dermis 

The largest skin layer, creating a physical barrier for large molecules, is found in the middle of 

the accumulated layers and is known as the dermis (Sharma et al., 2013:287-288).  It is 

compiled of blood and lymphatic vessels, sensory nerve endings, connective tissue, hair 

follicles, pilosebaceous and sweat glands, according to Foldvari (2000:418).  The layer mostly 

contains elastin and collagen, which provide elasticity and strength to the skin, surrounded by 

mucopolysaccharide gel creating a hydrophilic environment (Jepps et al., 2013:677; Williams, 

2013:677). 
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2.6.2.3 The hypodermis 

The deepest skin layer is the hypodermis, which consists of fatty tissue composed of lipocytes 

(Escobar-Chávez et al., 2012:205; Franz & Lehman, 2000:16).  The hypodermis serves as a 

thermal barrier and acts as a shock absorber, while securing underlying muscle (Williams, 

2013:677; Yagi & Yonei, 2018:51). 

2.6.3 Skin penetration mechanisms 

To reach a transdermal or topical destination, a drug molecule has to follow a complex pathway 

when applied to the skin.  The intercellular, transappendageal and transcellular routes, as 

illustrated in Figure 2.5, are three possible pathways a molecule can follow in combination to 

reach the destined target-site (Benson & Watkinson, 2012:14). 

 

Figure 2.5:  Potential transport pathways for transdermal delivery (adapted from Rahimpour & 

Hamishehkar, 2012:142) 

2.6.3.1 Intercellular route 

Small and uncharged molecules can follow the intercellular route by diffusing through the lipid 

matrix with more ease than other molecules (Williams, 2003:34).  This is an important pathway 

for API permeation across the lipid stratum corneum; penetration enhancement techniques are 

usually the primary focus when considering this pathway (Benson, 2005:24; El Maghraby et al., 

2008:205). 
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2.6.3.2 Transappendageal route 

The hair follicles and sweat glands provide direct diffusion for ions and large polar molecules 

into the epidermis and permeation into the dermis (Ranade & Hollinger, 2004:214).  It must 

however be kept in mind that the small surface area and factors such as sweat and lipophilic 

sebum in hair follicles can hinder API transport to the target-site (Barry, 2001:101; Morrow et al., 

2007:38; Williams, 2003:31-32). 

2.6.3.3 Transcellular route 

This route is especially fit for highly hydrophilic and polar molecules, as the API moves through 

the stratum corneum passing both the corneocytes and the lipid matrix (Morrow et al., 2007:38-

39).  The aqueous compartment surrounded by a lipid compartment can limit the API 

penetration, as it has to partition and diffuse through the multiple layers before reaching the 

intended site (Williams, 2013:679). 

2.6.4 Mathematical diffusion model 

To visualise the permeation process of a molecule through the skin, and to assist in the design 

and formulation of APIs, mathematical principles and equations are applied (Mitragotri et al., 

2003:71; Williams, 2013:680). 

Passive diffusion is the biggest contributor to molecule permeation through the skin, where the 

molecules spontaneously diffuse from the surface of the stratum corneum to the underlying 

epidermis and dermis containing a low drug concentration (Surber et al., 1999:396).  This 

transport process follows Fick’s first law, which states that the rate of diffusion across an area of 

skin is proportional to the determined concentration gradient, as seen in Equation 2.1 (Williams, 

2003:41-42,47). 

J =  Equation 2.1 

where: 

J = API flux across the stratum corneum (µg/cm2.h); 

K = partition coefficient of the API; 

D = diffusion coefficient of the API (cm2/h); 

ΔC = concentration difference on either side of membrane (µg/cm2); 

h = thickness of the membrane or path length of diffusion (cm). 

  

K x D 

h 
ΔC 
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2.6.5 Determining factors for skin permeation 

Several factors can influence API delivery for topical or transdermal effect, with the two main 

groups to consider being biological and physicochemical factors (Reddy et al., 2014:1097). 

2.6.5.1 Biological factors 

Biological factors are more difficult to control than physicochemical factors and refer to skin 

hydration, skin age, blood flow, skin condition, pigmentation, skin metabolism and temperature 

(Jhawat et al., 2013:49).  Skin properties are unique for every human, it should be kept in mind 

that it can affect API permeation. 

2.6.5.2 Physicochemical factors 

The transport of vehicles through the skin is largely influenced by physicochemical factors 

(N’Da, 2014:20785).  Optimal physicochemical properties can be compared to API contenders 

to determine suitability for transdermal delivery (Liu et al., 2016:437). 

2.6.5.2.1 Aqueous solubility 

The ideal transdermal drug should possess both hydrophilic and lipophilic solubility properties to 

permeate comfortably through all skin layers.  An aqueous solubility close to or equal to 1 mg/ml 

ensures optimal transdermal delivery and bioavailability of a drug (Naik et al., 2000:319; 

Williams, 2003:37).  Different solid-state forms possess dissimilar solubility due to varying lattice 

energies.  Brittain and Grant (1999:281) reported that the attracting and repulsing forces of a 

crystal-solvent interface can affect the dissolution rate.  Roxithromycin monohydrate has a less 

than ideal solubility of 0.0335 mg/ml (Aucamp et al., 2013:26).  Ponmalar (2017:62) reported a 

5-fold improvement in aqueous solubility of the chloroform solvate form of roxithromycin 

compared to the raw material.  Milne et al. (2016:313) and Aucamp et al. (2013:24) confirmed a 

3-fold improved solubility ratio of specific roxithromycin amorphous forms compared to its 

crystalline counterpart.  Aucamp et al. (2013:26) also determined the experimental peak 

solubility of roxithromycin monohydrate as 0.035 mg/ml, and 0.235 mg/ml for roxithromycin 

anhydrate in distilled water at 25°C; it can thus be concluded that other crystalline solid-state 

forms of roxithromycin can possibly improve the aqueous solubility.  It is evident that using an 

altered solid-state form of roxithromycin raw material could improve solubility and thus skin 

penetration. 

2.6.5.2.2 Diffusion coefficient 

The ease with which a molecule can diffuse through a vehicle and into a membrane is referred 

to as the diffusion coefficient (Williams, 2003:27).  As seen in Equation 2.1, it is a determining 
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factor for successful drug diffusion.  If a constant temperature is maintained, the diffusion 

coefficient is dependent on the specific properties of the compound and the diffusion medium, 

as well as the interaction between them (Reddy et al., 2014:1098). 

2.6.5.2.3 Drug concentration 

The drug concentration is directly proportional to the drug flux; the maximum flux is thus 

reached when a saturated solution is achieved (Barry, 2002:512).  If the drug concentration over 

the skin surface is higher than the drug concentration in the underlying epidermis and dermis, 

the concentration gradient will, in turn, also be higher leading to increased diffusion due to 

passive diffusion (Sharma et al., 2011:75). 

2.6.5.2.4 Ionisation, pH and pKa 

A pH value lower than 3.0 or higher than 9.0, can cause skin damage and negatively impact 

permeation of and API (Naik et al., 2000:319).  The stratum corneum has a pH of 4.2 – 5.6, 

whilst the viable epidermis ranges between 7.3 – 7.4 (N’Da, 2014:20787).  The pH of an API 

determines the ionisation, which in turn influences the membrane gradient (Barry, 2002:511; 

Jhawat et al., 2013:49).  Unionised molecules are known for better skin permeation, therefore it 

is important to determine the state of ionisation of an API (Williams, 2003:38).  Equations 2.2 

and 2.3 are an adaption of the Henderson-Hasselbalch equation to determine ionisation: 

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

%unionised = 100 - %ionised Equation 2.3 

The pKa value of roxithromycin is reported to be 9.08 (Drugbank, 2019).  At a pH value of 7.4 

the calculated percentage ionisation is 99.17%, indicating difficult skin permeation if the API is 

used in its raw form. 

2.6.5.2.5 Melting point 

Organic compounds with a low melting point have the tendency to possess higher aqueous 

solubility, leading to better skin permeation due to the ability of solvents to easily enter the 

crystalline structure and dissolve the molecules (N’Da, 2014:19).  According to Naik et al. 

(2014:19), a melting point lower than 200°C is favourable for successful transdermal absorption, 

while Santa Cruz Biotechnology (2007) reported the melting point of roxithromycin as 116 –

 122°C, making it a good candidate for skin penetration. 
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2.6.5.2.6 Molecular size 

The size of a molecule is a determining factor during skin permeation, as small molecules can 

diffuse fast and effortlessly, while skin diffusion proves challenging for large molecules 

(Williams, 2003:36).  A direct correlation is also suggested between molecular weight and 

transdermal flux, with the ideal molecular mass smaller than 500 g/mol, or 500 Dalton, to 

achieve optimal diffusion (Barry, 2002:513).  With a molecular weight of 837.04 g/mol for 

roxithromycin, as reported by O’Neil (2001:1486), it may prove more challenging to achieve 

effective transdermal delivery.  Foldvari (2000:417) however stated that the limitation of 500 Da 

is not trustworthy, as it does not take novel methods into account that are able to improve 

permeation through the skin.  The previous statement was supported by Billich et al. 

(2005:3157), whom achieved successful skin permeation by means of passive diffusion with 

molecules with a larger molecular weight of 500 Da. 

2.6.5.2.7 Partition coefficient 

The redistribution of molecules between an oil and water phase is defined as the partition 

coefficient, which is indicative of aqueous or lipid diffusion ability of a drug in a membrane 

(Jhawat et al., 2013:49).  The log P value is indicative of the hydrophilicity or lipophilicity of an 

API as a result of the partitioning of an API between the hydrophilic cells of the epidermis and 

lipophilic stratum corneum.  A log P value between 1 and 4 indicates optimal dermal absorption, 

demonstrating solubility in both aqueous and oil phases (Akhlaq et al., 2014:178).  The log P 

value refers to the octanol-water partition coefficient, while the log D value refers to the octanol-

buffer distribution coefficient.  Csongradi (2015:178) determined a log D value of 1.52 for 

roxithromycin, indicating good suitability for skin permeation. 

2.7 Approaches to successful topical/transdermal delivery 

A limited amounts of drugs are commercially available for transdermal application due to the 

daunting task of overcoming the barrier function of the skin (Prausnitz et al., 2004:116; Williams, 

2013:680).  Enhancing drug delivery for transdermal application is essential in current therapy 

(Barry, 2001:101).  An assortment of concepts has been proposed to bridge the transdermal 

application shortcomings, with special consideration given to lipophilic drugs and drugs with big 

particle size (Vogt et al., 2016:3).  One of the most popular concepts is the use of vesicular drug 

delivery systems, which is used to overcome limited skin penetration and poor drug 

bioavailability (Bansal et al., 2012:704).  By applying enhancing methods, such as vesicle 

delivery systems, novel or existing drugs can achieve greater therapeutic effect when applied to 

the skin (Costa & Santos, 2017:405; Mota et al., 2017:8; Planz et al., 2016:90). 
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2.7.1 Carrier systems 

Lipid-based carrier systems can improve the efficacy of a drug while providing controlled and 

targeted specific release of an API, especially profiting drugs presenting with poor solubility 

properties (Planz et al., 2016:90; Zhai & Zhai, 2014:91).  Vesicles are the most favoured 

vesicular system according to Honeywell-Nguyen and Bouwstra (2005:67).  Vesicles can be 

defined as well-ordered gatherings of phospholipid bilayers, which occur when amphiphilic lipid 

components encounter water molecules (Bansal et al., 2012:704; Kumar & Rajeshwarrao, 

2011:209).  The amphiphilic constituents attribute to API maintenance, ensuring maximum API 

availability at the target-site with minimal side-effects, while also enabling both hydrophilic and 

lipophilic drugs to be incorporated into the carrier systems (Bansal et al., 2012:704-705).  The 

following functions ensure delivery of the API into the skin with the use of vesicle systems 

(Alexander et al., 2012:33; Honeywell-Nguyen & Bouwstra, 2005:68): 

1. Ensuring controlled, steady and sustainable API release by acting as a depot; 

2. Limiting systemic absorption by acting as a rate-limiting barrier; 

3. Delivering molecules of the API across undamaged skin; 

4. Providing prolonged release of API molecules to the target-site; 

5. Serving as penetration enhancer by possibly modifying lipids within the stratum 

corneum. 

It is evident that vesicular systems may provide a solution to overcome the challenges that 

transdermal and topical delivery, as well as unfit APIs present.  The physicochemical properties 

of vesicle systems are mainly decided by the ingredients used and the preparation technique 

(Kumar & Rajeshwarrao, 2011:209).  Non-ionic surfactants and phospholipids usually serve as 

the main ingredients to compose vesicle systems referred to as liposomes and niosomes 

(Alexander et al., 2012:33). 

  



 

26 
 

2.7.1.1 Interaction of vesicular systems with human skin 

 

Figure 2.6: Schematic presentation of elastic vesicular API transport within the skin.  The API 

transport from buffer solutions are described as follows: a) partitioning of free API 

into the stratum corneum; b) diffusion of free API in stratum corneum, and  

c) partitioning of free API into viable skin tissue (Adapted from Honeywell-Nguyen 

& Bouwstra, 2008:220) 

With three possible pathways as previously discussed, vesicular systems have the upper hand 

over most common drugs permeating only via the intercellular lipid matrix (Choi & Maibach, 

2005:210).  To gain a better understanding, Hofland et al. (1994:660) and Hofland et al. 

(1995:854) visualised vesicle-skin interaction, where they were able to observe two separate 

interaction types.  The first was between the skin and formulation interface, where new structure 

formation occurred due to adsorption and fusion of liposomal vesicles into the surface of the 

stratum corneum layer; the second was the vesicle and skin interaction, which involved 

modification of the bilayer structures located in the deeper stratum corneum layers.  It is 

possible that the permeation enhancement properties of liposomes and niosomes occur mainly 

in the intercellular lipid of the stratum corneum, in turn increasing the stratum corneum’s fluidity 

(Choi & Maibach, 2005:210). 

The four steps of API permeation enhancement, as observed by elastic vesicles, are illustrated 

in Figure 2.6 as follows: 1) The API associates with the bilayers of the vesicles, 2) the vesicles 

 

Saturated drug-vesicle formulation 

 Systemic circulation 

 

 
Viable skin 

tissue 

 

 

Stratum 
corneum 

 

a) 

b) 

c) 

1 

2 

3 

4 



 

27 
 

partition into the stratum corneum, 3) the API is released from the vesicles, and 4) the free API 

is partitioned into the viable tissue. 

2.7.1.2 Liposomes and niosomes 

The first vesicular systems introduced in the mid-60’s were liposomes, with niosomes following 

in the 70’s promising fewer drawbacks than their counterpart (Costa & Santos, 2017:405-406; 

Kumar & Rajeshwarrao, 2011:208).  Liposomes are phospholipid-based vesicles, while 

niosomes are non-ionic surfactant containing vesicles, sharing the following similarities (Choi & 

Maibach, 2005:210): 

 They are non-toxic; 

 They are biodegradable; 

 Both have an amphiphilic nature; 

 Both modulate drug release properties; 

 Their efficiency depends on their physiological properties. 

The differences between liposomes and niosomes are presented in Table 2.1 (Rahimpour & 

Hamishehkar, 2012:145). 

Table 2.1: Comparison between liposome and niosome vesicle systems 

Liposomes Niosomes 

An aqueous core enclosed in a concentric 
phospholipid bilayer 

An aqueous core enclosed in a non-ionic 
surfactant bilayer 

Naturally occurring vesicles Synthetic occurring vesicles 

Larger vesicles ranging between  
10 – 3 000 nm 

Smaller vesicles ranging between  
10 – 100 nm 

Unstable due to phospholipids 
More stable due to use of non-ionic 

surfactants 

Expensive to produce More economical to produce 

Special storage conditions required to 
prevent oxidative degradation 

No special storage required 
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Figure 2.7: Structure of: a) liposomes, and b) niosomes (Adapted from PNG image, 2019 

and Saraswathi et al., 2019:7) 

2.7.1.2.1 Type of liposomes and niosomes 

Vesicles are mainly classified according to their size as follows (Costa & Santos, 2017:405; 

Moghassemi & Hadjizadeh, 2014:28): 

 10 – 100 nm: Small unilamellar vesicles (SUV); 

 100 – 3 000 nm: Large unilamellar vesicles (LUV); 

 500 – 5 000 nm: Multi-lamellar vesicles (MLV). 

 

Figure 2.8: Typical vesicle sizes (adapted from Liers, 2017) 

2.7.1.2.2 Methods of preparation 

The use of vesicles for drug delivery has amplified over the past decade, and the different 

methods of preparation for obtaining different vesicles.  Not only the size, and thus the type of 

vesicle, but also the distribution, permeability of a membrane and the entrapment efficiency is 

influenced by the preparation method (Chandu et al., 2012:27).  Vesicle formation typically 

comprises of dispersion of lipid particles in an aqueous phase (Costa & Santos, 2017:406).  The 
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mechanical methods for vesicle preparation include but are not limited to: lipid film hydration, 

sonification, membrane extrusion, freeze-thaw method, ethanol injection, ether injection, 

reverse-phase evaporation, dialysis and column chromatography (Kumar & Rajeshwarrao, 

2011:210-211; Patil & Jadhav, 2013:10-15).  An adapted method of hand shaking/thin-film 

hydration was used to prepare liposomes and niosomes for this study. 

2.7.2 Semi-solid formulations 

To improve target-site delivery of transdermal or topical formulations, the delivery systems can 

be transformed into semi-solid formulations to ensure intact delivery of the dispersion over the 

skin barrier (Rai et al., 2018:215).  These formulations will increase contact time with the skin, 

with easy application due to increased viscosity (Mahalingam et al., 2008:267; Pund et al., 

2015:152; Williams, 2013:689).  A diverse range of semi-solid dosage forms exist, such as 

creams, gels and ointments (Allen et al., 2011:272), which can be greasy and sticky, and also 

problematic when hydrophilic APIs are concerned (Redkar et al., 2019:588).  A gel consists of a 

liquid phase within a complex polymeric matrix induced by a gelling agent (Bora et al., 

2014:3595).  The benefit of a gel is the simplicity of the formulation, which provides long-term 

stability and excellent patient compliance due to its elegance and easy application (Nabi et al., 

2014:41).  Even with more advantages compared to other semi-solid dosage forms, the 

challenge of incorporating hydrophobic APIs remains. 

2.7.2.1 Emulgel 

Emulsion-based strategies have been reported to overcome the challenge of incorporating 

hydrophobic APIs into a semi-solid dosage form (Redkar et al., 2019:588).  With limited 

available emulgel products on the market, it is not only an evolving but also an exciting and 

challenging choice to focus on (Sah et al., 2017:26).  When a gel and an emulsion are 

combined, an emulgel is created, providing a two-fold drug release system.  Liposomes and 

niosomes, often referred to as emulsion-based formulations, are dispersed into a gel base to 

form a vesicle containing emulgel (Rane et al., 2018:818; Wen et al., 2018:263).  Combining the 

great characteristics of a vesicle system with a hydrogel is a promising dosage form, which has 

gained tremendous attention over the past few years (Rane et al., 2018:818).  Including vesicle 

systems into a gelling agent increases the viscosity and stability, while delivering a convenient 

self-administering dosage form (Ning et al., 2005:376). 

2.7.2.2 Stability testing of semi-solid formulations 

To guarantee the quality, safety and efficiency for the duration of the shelf-life of a 

pharmaceutical product, chemical and physical evaluation occurs (Bajaj et al., 2012:129).  

Stability is the degree to which a product preserves the same properties as possessed at the 

initial packaging despite the influence of environmental factors, and to perform standard stability 
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tests includes intricate procedures, which can be expensive and time consuming (Bajaj et al., 

2012:130).  Stability testing is essential to predict shelf-life, storage conditions and labelling 

instructions accurately, and is also a regulatory requirement for approval of any pharmaceutical 

product (Singh & Bakshi, 2000:2).  The following factors should be considered during stability 

testing: stability of the API, API-excipient interaction, manufacturing process followed, dosage 

form type, packaging material, exposure to temperature, light and moisture during shipping and 

handling (Bajaj et al., 2012:130). 

2.7.2.2.1 Methods of stability testing 

Depending on the stage of product development, a variety of stability tests are available.  In 

early stages of product development, accelerated testing is used to determine which 

degradation products are to be expected after long-term storage, while less rigorous conditions 

are used to determine the shelf-life and expiration date of a product (Bajaj et al., 2012:131).  

According to Bajaj et al. (2012:131-132), stability testing methods can be divided into four main 

categories: 

1. Real-time stability testing; 

2. Accelerated stability testing; 

3. Retained sample stability testing; 

4. Cyclic temperature stress testing. 

Accelerated stability testing will be the focus for the purpose of this study.  This method is based 

upon the Arrhenius equation, which stated that the speed of reaction is multiplied or increased 

three-fold for every 10°C increase in temperature (Bajaj et al., 2012:132).  Exaggerated storage 

conditions are used to increase the rate of degradation and the unstressed product is compared 

to the stressed counterpart within the same assay (Barnes, 2007:661).  The following conditions 

are used during accelerated stability testing (MCC, 2012:13): 

 40 ± 2°C/75 ± 5% RH (relative humidity) (accelerated storage condition); 

 30 ± 2°C/65 ± 5% RH (intermediate storage condition); 

 25 ± 2°C/60 ± 5% RH (long-term storage condition). 

2.7.2.2.2 Factors influenced during storage and acceptance criteria 

The following degradation reactions can occur in a pharmaceutical product during storage 

(Carstensen et al., 2000): 

1. Oxidation 
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2. Reduction 

3. Hydrolysis 

4. Racemisation 

The factors possibly influenced during storage are as follows (Matthews et al., 1999:832): 

 Appearance 

 Consistency 

 Uniformity of contents 

 Clarity 

 Moisture content 

 Particle size 

 pH 

 Microbiological growth 

The accepted criteria, according to the South African Health Products Regulatory Authority 

(SAHPRA) (MCC, 2012:14) states there should be no significant change during the stability 

testing period.  The following can be seen as a significant change for an API product (ICH, 

2003:9): 

1. a 5% change in assay from the initial value; 

2. any degradant surpassing its specification limit; 

3. appearance and physical attributes (ex. colour, phase separation) not meeting its 

specifications; 

4. pH measurements surpassing its specification limits; 

5. dissolution for 12 dosage units surpassing its specification limits for capsules and tablets 

(applicable to oral dosage forms). 

Some degradation pathways are intricate and decomposition products may be observed under 

forced environments; results from such degradation products can attribute to develop and 

validate suitable analytical methods for future analysis.  Some important parameters to keep in 

mind for the stability of roxithromycin for topical delivery is the assay, which should not surpass 
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a 5% increase of decrease of the API to ensure efficacy.  The appearance during storage is 

also important as colour or texture change should not occur, as this could negatively influence 

patient satisfaction; a change in pH is of great significance seeing as a pH lower than 3 or 

higher than 9 can lead to skin damage and thus poor patient compliance and permeation (Naik 

et al., 2000:319).  The assessment parameters that must be kept in mind during stability testing 

include appearance, mass loss, odour, pH, particle size, and viscosity (MCC, 2012:24). 

2.8 Conclusion 

Acne is a widespread disease affecting many of the population.  Topical and systemic treatment 

options available do not provide satisfactory results, which gives rise to the need for novel 

treatment options.  Previous studies revealed that roxithromycin can be an ideal candidate to 

treat acne topically, but the biggest hindrance is the solubility; the complex structure of the skin 

also proved challenging for topical delivery of roxithromycin.  Using ASDs, where the different 

solid-states of the API are encapsulated into drug delivery systems, have proven effective in 

overcoming the challenges posed by solubility and the skin.  The main focus of this study was to 

formulate an emulgel for the topical delivery of roxithromycin.  Different solid-state forms of the 

API were formulated and encapsulated into either liposome or niosome vesicles to improve 

solubility and bioavailability.  Stability testing was performed on the formulated liposomal and 

niosomal emulgels to determine possible changes that can occur during storage. 
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CHAPTER 3 

ARTICLE FOR PUBLICATION IN THE INTERNATIONAL JOURNAL OF 

PHARMACEUTICS 

This chapter is written in article format for the purpose of publication in the International Journal 

of Pharmaceutics.  The complete guide for authors is specified in Appendix G.  The instructions 

and formatting, as stipulated by the Guide for Authors, was used during the writing of this article.  

The text in the manuscript was justified for the ease of reading and UK English was used 

throughout the manuscript. 
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Abstract 

In recent years, resistance against antibiotic acne treatment has increased, creating the 

need for a novel topical treatment.  Previous research confirmed that roxithromycin could be 

an ideal contender for topical delivery when alternative solid-states of the active 

pharmaceutical ingredient (API) are encapsulated into vesicle delivery systems.  A product 

containing the encapsulated roxithromycin has however not yet been developed to date.  

Easy obtainable solid-states of roxithromycin were included in liposome and niosome vesicle 

delivery systems.  The vesicle dispersions were characterised to confirm stability.  The 

liposomal and niosomal dispersions were included in a proposed emulgel to create a user-

friendly application.  The topical delivery of these emulgels was determined by performing 

tape stripping, which revealed successful delivery to the skin layers. 

Keywords: Acne, Emulgel, Liposomes, Niosomes, Roxithromycin, Topical delivery 
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1  Introduction 

Roxithromycin is a semi-synthetic macrolide antibiotic, which can be used to treat skin 

infections (Bryskier, 1998).  The big surface area of human skin is an ideal route for drug 

administration, reducing systemic adverse effects and drug interactions, while improving 

patient compliance due to ease of administration (Prausnitz & Langer, 2008; Shingade et al., 5 

2012).  Mild to moderate acne infections are generally treated with topically applied 

antibiotics because of the bacteriostatic effect it has on Propionibacterium acnes (P. acnes) 

(Oschsendorf, 2006).  Roxithromycin has proven to be effective in the treatment of mild to 

moderate inflammatory acne caused by P. acnes (Glowka et al., 2014; Wosicka-Frackowiak 

et al., 2015); the current topical treatment options for inflammatory lesions, including 10 

clindamycin and erythromycin, have grown resistant against strains of P. acnes due to 

continuous use (Lavers, 2014).  Roxithromycin could be an ideal novel acne topical 

treatment, as it targets the sebaceous follicles located in the dermis where P. acnes 

accumulates (Gollnick, 2003).  The challenge for the topical delivery of roxithromycin 

however is its poor aqueous solubility, which could be overcome by using methods, such as 15 

solid-state modification to improve the physicochemical factors and employing vesicle 

delivery systems (Threlfall, 1995).  Including roxithromycin into thin-films that serve as 

precursors for drug delivery vesicles renders the API into an amorphous state by creating an 

amorphous solid dispersion (Aucamp et al., 2013).  Different solid-states of roxithromycin 

have been researched (Du Plessis, 2004; Bawa, 2007, Aucamp et al., 2012; Aucamp et al., 20 

2013), and it has been reported that some of these solid-state forms can be successfully 

included into drug delivery vesicles such as niosomes and liposomes (Boshoff, 2018; 

Csongradi, 2015; Swart, 2019).  Niosomes are hydrated non-ionic surfactant-based vesicular 

systems and liposomes are vesicle systems composed of phospholipids (Kumar & 

Rajeshwarrao, 2011).  Liposomes and niosomes are able to encapsulate hydrophilic or 25 

lipophilic drugs, which can increase the solubility of poorly soluble drugs 100 to 1000-fold 

(Bansal et al., 2012).  A user-friendly product encapsulating roxithromycin for topical delivery 

does not yet exist on the market.  According to Laouini et al. (2012), drug delivery vesicles 
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such as liposomes and niosomes can easily be formulated in semi-solid preparations, such 

as gels or creams.  The best way to ensure a convenient self-administering dosage form is 30 

to include the vesicle systems in a hydrogel base to create an emulgel, which will also be an 

ideal application form to reach the intended target-site (Ning et al., 2005).  The aim of this 

study was to include vesicle-encapsulated roxithromycin in a semi-solid formulation to reach 

the target-site, which is the dermis, to serve as a dual therapy with existing systemic acne 

treatments. 35 

2  Materials and methods 

2.1  Materials 

Roxithromycin monohydrate was purchased from DB Fine Chemicals (South Africa).  The 

excipients used to prepare the liposomes were cholesterol, chloroform, phosphatidylcholine 

(PC), tocopherol and Milli-Q® water.  The excipients used for niosome preparation were 40 

cholesterol, chloroform, methanol, Span® 60 and Milli-Q® water.  Cholesterol from sheep’s 

wool, tocopherol (DL-α-tocopherol) and egg PC (L-α-PC) was purchased from Sigma-Aldrich 

(South Africa).  Span® 60 were purchased from Merck (South Africa).  Chloroform and 

methanol were purchased from ACE chemicals (South Africa).  Double deionised high 

performance liquid chromatography (HPLC) grade water was obtained from a Millipore® Milli-45 

Q® water purification system (United States of America).  A phosphate buffer solution (PBS) 

(pH 7.4) was prepared using UnivAR® potassium phosphate (KH2PO4) and sodium 

hydroxide (NaOH) purchased from Merck (South Africa).  HPLC grade LiChrosolv® methanol 

purchased from Merck Millipore (Germany) and ammonium di-hydrogen phosphate 

(NH4H2PO4) purchased from SAAR Chem (South Africa) served as the mobile phase. 50 

2.2  Methods 

2.2.1  High performance liquid chromatography analysis 

An HPLC analytical method previously developed and validated by Aucamp et al. (2016) 

was verified and applied to quantify the roxithromycin concentration.  The analysis was 

performed in a controlled laboratory.  A Venusil XBP C18 reverse phase 150 x 4.6 mm 55 

column with a 5 µm particle size (Agela Technologies, Germany) was used together with an 
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Agilent® 1100 Series HPLC system (Agilent Technologies, California).  A 0.01 M NH4H2PO4 

buffer solution mixed with methanol in the ratio 15:85 served as mobile phase (pH 7.0).  The 

mobile phase had a flow rate of 1 ml/min, and an injection volume of 50 µl was used, with a 

set run time of 9 min and a detection wavelength of 205 nm. 60 

2.2.2  Preparation of different roxithromycin solid-states 

The three solid-state forms of roxithromycin used during this study included the purchased 

crystalline monohydrate form of roxithromycin (MH), roxithromycin anhydrate (AH) 

(dehydrated monohydrate) and a polymorphic chloroform solvated (CS) form.  To prepare 

the anhydrate, the purchased MH was dehydrated using a laboratory drying oven (Binder, 65 

Germany).  The MH was spread out thinly on the surface of a Petri dish, the oven 

temperature was set at 100°C and the sample was dried for a period of 24 h.  To prepare the 

CS form, the method reported by Aucamp et al. (2012) was used.  Purchased MH was 

added to chloroform while stirring with a magnetic stirrer and heating the solution to 

approximately 60±3°C.  MH was added until an oversaturated solution was obtained, 70 

whereafter chloroform was added in a drop-wise manner until the solution was clear.  

Evaporation occurred in a fume hood at room temperature (25°C) until a dried bulk was 

obtained. 

2.2.3  Preparation of liposomes 

Solvent casting, as described by Vasconcelos and Sarmento (2015) and Vasconcelos et al. 75 

(2016), was adapted and combined with the traditional hand-shaking method (New, 1990) to 

prepare liposome vesicles.  A mixture of PC, cholesterol, the API and a drop of α-tocopherol 

was dissolved in chloroform.  The mixture was magnetically stirred in a glass beaker until 

fully dissolved, whereafter it was poured into Petri dishes and left in a fume hood for 24 h for 

solvent evaporation to occur and a film to form.  The film was scraped off with a stainless 80 

steel spatula into a glass beaker.  Milli-Q® water was heated to 40±2°C and added to the 

beaker.  The dry lipid film was hydrated using a magnetic stirrer for approximately 30 min 

until no large droplets were visible and a yellow milky suspension formed.  The mixture was 
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sonicated on ice for 2 min with an ultrasonicator (Model UP200St, Hielscher Ultasonics, 

Germany), whereafter it was left for 2 h at room temperature to allow swelling of the vesicles. 85 

2.2.4  Preparation of niosomes 

The method described by Agarwal et al. (2001) was adapted for the preparation of 

niosomes.  A lipid mixture of Span® 60, cholesterol and the API was dissolved in the 

chloroform and methanol mixture.  The glass beaker was placed on a hot plate at 60±2°C 

and stirred until all organic solvents had evaporated and a thin-film formed on the bottom.  90 

The film was hydrated with 10 ml of Milli-Q® water and stirred with a magnetic stirrer for 30 

min until no large droplets were visible and a white milky suspension formed.  The mixture 

was sonicated on ice for 2 min with an ultrasonicator (Model UP200St, Hielscher Ultasonics, 

Germany), whereafter it was left for 2 h at room temperature to allow swelling of the vesicles. 

Table 1 95 

Composition of the vesicle dispersions containing different solid-state forms 

 

2.2.5  Preparation of emulgels 

To prepare a hydrogel base, glycerol (10%) was added to water (15 ml).  The mixture was 

stirred with a glass rod until dissolved.  Carbopol® 934 (1.5%) was sifted into the water and 100 

left to hydrate.  The impeller of a RZR 2041 homogeniser (Heidolph, Germany) was 

submerged close to the bottom of the beaker containing the mixture and a vortex of 

approximately 1000 rpm was used to agitate the liquid until a lump free dispersion was 

attained.  The mixture was neutralised with ammonia (NH3) (q.s) solution.  For the 

preparation of the final emulgel formulations, the liposomal or niosomal dispersion containing 105 

roxithromycin equivalent to 2.0% w/w was incorporated into the gel base.  This method was 

adapted from Ning (2005) and Shirsand et al. (2016), and applied to all vesicle systems. 
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2.3  Physical characterisation 

2.3.1  Fourier-transform infrared spectroscopy (FTIR) 110 

A small quantity of the sample was placed on the IR window of a Bruker Alpha FTIR 

spectrometer (United States of America), which recorded the IR-spectra over a range of 400-

4000 cm-1. 

2.3.2  Thermogravimetric analysis (TGA) 

TGA was carried out using a TGA 4000 (PerkinElmer Waltham, United States of America).  115 

Samples weighing 1 to 3 mg each were placed in a porcelain crucible.  A heating 

programme of 10°C/min from ambient temperature to 250°C was used, which was done 

under a nitrogen purge of 40 ml/min.  The moisture lost during heating of the sample was 

documented. 

2.4  Characterisation of the vesicle systems 120 

2.4.1  Transmission electron microscopy (TEM) 

TEM was used to view the morphology and formation of the vesicle systems.  An FEI Tecnai 

G2 20S-Twin 200 kV high-resolution transmission electron microscope (HRTEM) (Czech 

Republic) fitted with an Oxford INCA X-Sight EDS System was used (Laboratory for Electron 

Microscopy, NWU, Potchefstroom Campus).  A drop of the sample (diluted 10x with distilled 125 

water) was stratified onto a 300 mesh copper carbon-coated grid and left for 5 min to dry, 

any excess sample was removed with a piece of filter paper.  The lipid layers of the vesicles 

were stained using a drop of osmium tetroxide, the sample was left to dry for 1 to 2 min 

before being inserted and viewed through the microscope.  Vesicles containing no API were 

analysed to avoid damaging the microscope. 130 

2.4.2  Droplet size, polydispersity index and zeta-potential 

The size, polydispersity index (PdI) and zeta-potential of the vesicles were determined by 

using the Malvern Zetasizer Nano ZS (Malvern Instruments Ltd, United Kingdom).  Freshly 

prepared vesicle samples were diluted (approximately 20x) with distilled water and 2 ml was 

injected into a clear disposable zeta-cell (DTS1070 folded capillary cell).  Each sample was 135 

measured in triplicate to ensure accurate results. 
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2.4.3  pH determination 

To determine the pH values of the different vesicle systems, a Mettler Toledo® pH meter 

(Mettler Toledo, United States), equipped with a Mettler Toledo® InLab® 410 electrode 

(Mettler Toledo, United States) was used.  The electrode was inserted into a sufficient 140 

volume of each sample after being calibrated.  The pH value for each sample was measured 

in triplicate. 

2.4.4  Entrapment efficiency 

To determine the amount of API encapsulated in each vesicle system, fresh samples were 

prepared in triplicate.  Approximately 20 ml was transferred into plastic test tubes and 145 

centrifuged (Laboratory for Applied Molecular Biology, NWU, Potchefstroom Campus).  An 

OptimaL-100 XP ultracentrifuge (Beckman Coulter, United States of America), with a 50.2 Ti 

Rotor was used to centrifuge the samples, with a rotation speed of 25000 rpm for 30 min at a 

temperature of 25±2°C.  A pellet containing the entrapped API formed at the bottom of the 

test tube, with a supernatant solution containing the unentrapped free API.  The supernatant 150 

was filtered and transferred into HPLC vials for analysis.  An equation from Xiang et al. 

(2009) was adapted to calculate the final entrapment. 

EE% = Drug (total) – Drug (supernatant) / Drug (total)   Eq. 1 

2.5  Diffusion studies 

2.5.1  Preparation of the receptor phase 155 

A 0.06 M phosphate buffer was used as the receptor phase, which was prepared by mixing 

6.8 g KH2PO4 in 250 ml Milli-Q water, with 1.5 g NaOH in 400 ml Milli-Q® water, then made 

up to 1000 ml.  Since in vivo human blood presents with a pH of 7.4, it consequently 

determined the pH of the PBS for the in vitro skin diffusion studies (OECD, 2011).  Before 

every experiment, the receptor phase was pre-heated in a water bath to represent the 160 

human body temperature of 37°C (Williams, 2013). 

2.5.2  Preparation of the donor phase 

The emulgel containing the liposome or niosome vesicle system encapsulating the different 

solid-state forms of roxithromycin served as the donor phase.  A placebo (vesicles 
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containing no API) was used as control group during the studies.  Ten Franz cells were 165 

used, each containing approximately 1 ml of the formulation, while two Franz cells contained 

1 ml of the placebo.  The prepared samples were placed in a water bath at 32°C, equivalent 

to human skin surface temperature, before the experiment (Williams, 2013). 

2.5.3  Membrane release studies 

To accurately represent the temperature of the blood in the human body the PBS, which 170 

served as the receptor phase, was placed in a water bath at 37°C before the study.  The 

formulation serving as the donor phase was placed in another water bath at 32°C before the 

study to represent the temperature of the surface of the skin.  A thin layer of Dow Corning® 

high vacuum grease (Sigma-Aldrich, Germany) was applied to both the donor and receptor 

compartments.  A magnetic stirring rod was placed into the receptor compartments before 175 

placing a Polyvinylidene fluoride (PVDF) (Pall® Life Sciences, United States of America) 

synthetic membrane with a pore size of 0.45 μm and 25 mm diameter between the receptor 

and the donor compartments.  The sides of the Franz cells were sealed with vacuum grease 

and fastened with a horseshoe clamp to prevent leakage.  The receptor compartment was 

filled with 2 ml of heated PBS (pH 7.4) using a syringe and needle to which a small tube was 180 

attached.  It was visually inspected to ensure no air bubbles formed when filled and the PBS 

level was indicated in order to notice any possible leakage or change of PBS level.  Each 

donor compartment was filled with 1 ml of the API vesicle preparation, and then covered with 

a piece of Parafilm® and a plastic cap to prevent any loss of the formulation during the 

experiment.  The tray with all the assembled Franz cells was placed in a Grant® water bath 185 

(Grant Instruments, United Kingdom), at a constant temperature of 37°C on a Variomag® 

(United States of America) magnetic stirring plate.  The entire receptor phase of every cell 

was extracted through the sampling port and refilled with fresh, preheated PBS (pH 7.4, 

37°C) hourly, for 6 h.  Any change in the level of the PBS was noted before extraction took 

place.  The extracted contents of the receptor compartments were then placed into 190 

corresponding HPLC vials and analysed by means of HPLC. 
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2.5.4  Skin preparation 

The North-West University Health Research Ethics Committee (NWU-HREC) of the Faculty 

of Health Sciences awarded approval for the study (Ethics number: NWU-00111-17-A1-02).  195 

Skin collected from abdominoplasty of Caucasian females was used for the diffusion studies.  

The skin was trimmed of all excess fat and a Zimmer™ electric dermatome (model 8821, 

United Kingdom) was used to acquire strips of skin (about 400 µm).  The skin strips were 

placed onto Whatman® filter paper and allowed to dry, then visually examined for any 

defects before into cutting circles; the skin circles were wrapped in aluminium foil and stored 200 

in a Ziplock bag at -20°C until needed.  As a result of limited skin per donor, different 

donors had to be used for every separate study. 

2.5.5  Skin diffusion studies 

The same method as discussed in Section 2.5.3 was used, with the following exceptions: 1) 

Prepared skin samples were placed between the receptor and donor phase of the Franz cell, 205 

with the stratum corneum facing upwards, instead of the PVDF membranes; 2) only one 

extraction of the PBS in the receptor phase was made at 12 h, instead of hourly extractions 

up to 6 h.  Both the skin and PBS were analysed after extraction. 

2.5.6  Tape stripping 

The Franz cells were carefully disassembled after extraction of the receptor phase.  The skin 210 

circle was pinned on cling film and Parafilm® covered hardboard.  The visible diffusion area 

was dabbed with tissue paper to remove any excess donor phase.  Sixteen pieces of 3M 

Scotch® Magic™ tape were used per skin sample to remove the stratum corneum.  The tape 

was placed on the diffusion area to remove it; a gleaming appearance of the skin was an 

indication of complete removal.  The first tape was discarded to ensure all superficial donor 215 

phase was removed, and the remaining strips were placed in separate marked polytops 

containing 5 ml HPLC grade methanol after dabbing it on the skin to remove the stratum 

corneum-epidermis (SCE).  Thereafter the diffusion area of the skin (epidermis-dermis (ED)) 

was cut into smaller pieces and placed in separate marked polytops containing 5 ml HPLC 

grade methanol.  Both the polytops containing the skin and the tape were placed in a 220 
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refrigerator (2-5°C) for 8 h to give the API an opportunity to be extracted from the samples.  

The methanol was removed and filtered into marked HPLC vials for analysis. 

2.5.7  Data analysis 

The cumulative concentration of each Franz cell was determined by means of HPLC 

analysis over a period of 6 h for membrane release studies.  The concentration of the API in 225 

the receptor phase of every Franz cell could be determined using the slope of the linear line 

(Ng et al., 2010).  The analysed results were examined with regard to the average 

cumulative amount of API per area (µg/cm2), which had diffused through the membrane, 

plotted against time (h). 

During skin diffusion studies, the average cumulative amount per area (µg/cm2) of the API 230 

diffused through the skin, together with average concentration (µg/ml) of the API in the SCE 

and ED after 12 h, was examined. 

2.6  Statistical data analysis 

Statistical analysis was performed on results obtained from membrane release, as well as 

skin diffusion studies.  Statistical methods, such as the analysis of variance (ANOVA), 235 

Turkey’s honest significance difference (HSD) and t-tests, were performed on the data 

obtained.  The flux values (μg/cm2.h) of the liposomal and niosomal emulgels for each 

roxithromycin solid-state were used to determine median flux values.  Median flux values 

present more accurate results than the average flux, since outliers and extremes are 

excluded, leaving the median unaffected (Dawson & Trapp, 2004).  Box-plots were used to 240 

illustrate the summarised data in terms of lower quartile, media, upper quartile, extreme 

value and mean. 

3  Results and discussion 

3.1  Preparation and physical characterisation of roxithromycin solid-state forms 

MH powder was used to prepare an AH and CS form of roxithromycin.  TGA was used to 245 

determine the hydration or solvation level of the three crystalline forms of roxithromycin.  The 

percentage solvent included in crystalline packaging of the solid-states were 2% for MH, 

0.1% for AH and 12.5% for CS.  The obtained percentage solvent was used to calculate the 
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molecular weight of each crystalline form.  FTIR analysis revealed the most distinctive 

variances could be observed at the 4000-3000 cm-1 range.  MH had three distinctive peaks 250 

at 3570.19 cm-1, 3510.21 cm-1 and 3455.73 cm-1; CS and AH only had one broad peak each 

at 3422.05 cm-1 and 3457.74 cm-1 respectively, which indicated the latter two forms were not 

monohydrates.  The obtained infrared data correlated with that previously reported by 

Aucamp et al. (2012) and Aucamp et al. (2013). 

3.2  Characterisation results 255 

The liposomal and niosomal dispersions were characterised in terms of TEM, droplet size, 

PdI, zeta-potential, pH and %EE.  The results are summarised in Table 2. 

Table 2 

Characterisation results for liposome and niosome dispersions 

 260 

The TEM results of the empty vesicle systems revealed well-formed liposomes and 

niosomes, as seen in Fig. 1.  To ensure optimal topical delivery, particle sizes between 10-

1000 nm are recommended (Kumar & Rajeshwarrao, 2011).  The droplet sizes of all eight 

dispersions rendered satisfactory results, with the liposomes between 80-90 nm and the 

niosomes ranging between 200-300 nm.  The PdI results for all dispersions were in the lower 265 

range, indicating stable dispersions with uniform droplet dispersion (Marianecci et al., 2013).  

All the samples resulted in highly negative zeta-potential values, which would improve 

permeation of the drug into the skin (Duangjit et al., 2011).  All vesicle dispersions resulted in 

pH values higher than 7 and below 9, making them ideal contenders for skin application, as 

it met the requirements for topical formulations (Naik et al., 2000; Paudel et al., 2010).  All 270 

the vesicle systems containing the different roxithromycin solid-states resulted in high 

entrapment close to 100%, which correlates with previous results reported by Swart (2019).  

Better target-site delivery will be obtained as the API was almost fully incorporated within the 

vesicles. 

 275 
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Fig. 1:  TEM micrographs: a) and b) showing liposome vesicles, and c) and d) showing 

niosome vesicles 

3.3  Preparation of emulgels 

To increase the low viscosity of the vesicle dispersions, a 2% emulgel containing the 

liposome and niosome vesicle systems were prepared.  Due to the PC used during liposome 280 

preparation, the liposomal emulgels presented with a light yellow colour, while the niosomal 

emulgels had a white colour due to the use of Span® and cholesterol during vesicle 

preparation.  All gels had a smooth, gel-like consistency, with the placebo gels resulting in a 

lower viscosity than the emulgels containing the different roxithromycin solid-states. 

3.4  Diffusion study results 285 

3.4.1  Membrane release 

The membrane release studies for the liposome and niosome emulgels indicated that the 

encapsulated roxithromycin was successfully released from the vesicles.  The highest 

median flux was achieved by the liposomal emulgel containing CS (L-CS), followed by the 

niosomal emulgel containing MH (N-MH), the liposomal emulgel containing AH (L-AH), the 290 

liposomal emulgel containing MH (L-MH), the niosomal emulgel containing CS (N-CS)  and 

lastly, the niosomal emulgel containing AH (N-AH). 

 

Fig. 2:  Box-plots indicating the flux (µg/cm2.h) of the liposomal and niosomal emulgels 

containing roxithromycin during the membrane release studies over 6 h 295 

3.4.2  Skin diffusion 

The receptor phase was analysed after 12 h to determine if the API was delivered 

transdermally.  When the liposomal and niosomal emulgels were compared it was detected 

that L-MH had the highest median amount per area diffused, followed by L-CS, and lastly, L-

AH for the liposomal emulgels.  For the niosomal emulgels, N-CS had the highest median 300 

amount per area diffused, followed by N-AH, and lastly, N-MH. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared, it 

was evident that the type of vesicle used influenced the transdermal delivery (from highest to 
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lowest median amount per area diffused: L-MH; N-CS; L-CS; N-AH; L-AH and lastly, N-MH).  

The liposomal emulgels increased the transdermal delivery of the MH, rather than the other 305 

two solid-state forms of roxithromycin, while the opposite for the niosomal emulgels was 

true.  Therefore, the poor delivery to the receptor phase can be attributed to the vesicle 

systems used in the emulgels.  The different excipients used, such as PC in liposomes and 

Span® 60 in niosomes, possibly influenced API delivery.  The additional phospholipids could 

have resulted in an extra barrier on the surface of the skin, which led to slow release of the 310 

API from the vesicle systems in the formulations (Kirjavainen et al., 1999; Sakdiset et al., 

2018).  The poor transdermal delivery was a favoured outcome given that the target-site for 

the API delivery during this study was the dermis, because unwanted systemic effects and 

toxicity would be minimal. 

 315 

Fig. 3:  Box-plot indicating the mean and median amount per area diffused (µg/cm2) for 

roxithromycin in the liposomal and niosomal emulgels after 12 h 

3.4.3  Tape stripping 

Tape stripping was performed to determine if the encapsulated roxithromycin was 

successfully released into the skin from the emulgels.  The tape stripping results are divided 320 

into delivery to the SCE and the ED. 

 

Fig. 4:  Box-plot indicating the mean and median concentration (µg/ml) of the liposomal 

emulgels for roxithromycin present in the SCE and ED 

 325 

Fig. 5:  Box-plot indicating the mean and median concentration (µg/ml) of the niosomal 

emulgels for roxithromycin present in the SCE and ED 

3.4.3.1  Stratum corneum-epidermis 

When the liposomal and niosomal emulgels were compared, it was detected that L-AH 

resulted in an exceptional high stratum corneum delivery, in contrast to L-MH and L-CS.  For 330 

the niosomal emulgels, N-MH resulted in the highest stratum corneum delivery, followed by 
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N-AH and lastly, N-CS.  All the liposomal and niosomal emulgels resulted in median 

concentrations above the limit of detection (LOD) (0.75 µg/ml) and lower limit of 

quantification (LOQ) (2.51 µg/ml), with only N-CS resulting in a value below the LOQ. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared (from 335 

the highest to lowest concentration: L-AH; N-MH; N-AH; L-MH; L-CS and lastly, and N-CS), 

it was apparent that the CS solid-state form of roxithromycin resulted in the lowest SCE 

delivery.  The stratum corneum acts as a rate-limiting hindrance for drug delivery due to the 

numerous protein and lipid layers (Barry, 2001; Williams, 2013).  It was observed that AH 

permeated effortlessly into the SCE from the liposomal vesicles in contrast to niosomal 340 

vesicles.  PC, which was used in liposome preparation, has the ability to penetrate 

intercellular lipids of the stratum corneum (Montenegro et al., 2006), which in turn influenced 

the barrier function and possibly enhanced the penetration of AH.  MH however, permeated 

with more ease into the SCE from the niosomal vesicles.  It is possible that API delivery is 

more dependent on the excipients used for vesicle preparation than the solid-state form.  345 

Highly lipid-soluble excipients used for liposome and niosome preparation, such as 

cholesterol, would cause the vesicles to have greater difficulty crossing the aqueous region.  

Since the effect of surfactants, such as PC and Span®, are extremely complex in biological 

systems it is possible for the permeation of the APIs to vary extensively (Som et al., 2012). 

3.4.3.2  Epidermis-dermis 350 

When the liposomal and niosomal emulgels were compared, it was observed that L-MH 

resulted in the highest ED delivery, followed by L-CS and lastly, L-AH.  For the niosomal 

emulgels, N-CS resulted in the highest ED delivery, N-AH resulted in the lowest ED delivery 

and N-MH achieved a low median concentration.  All liposomal emulgels and N-CS resulted 

in a median concentration above the LOD and LOQ for ED delivery.  N-MH and N-AH 355 

achieved values above the LOD, but below the LOQ. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared, 

delivery to the epidermis layer ranked from the highest to the lowest concentration as 

follows: N-CS; L-MH; L-CS; L-AH; N-MH and N-AH.  It can be seen that the type of vesicle 
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influenced topical delivery.  The rendered amorphous solid dispersions possibly increased 360 

the bioavailability of the API leading to a bigger probability for successful ED delivery 

(Aucamp et al., 2012; Aucamp et al., 2013) and the vesicle composition also contributed to 

successful ED delivery.  CS performed much better when encapsulated in niosomes than 

liposomes, while MH and AH had much higher ED delivery for liposome vesicles than 

niosome vesicles.  It is probable that the highly lipophilic N-MH and N-AH had a greater 365 

affinity for the various stratum corneum lipids due to the lipophilic excipients, leading to a 

longer retention time in the SCE layer and resulting in poor diffusion to the highly hydrophilic 

ED layer.  N-MH and N-AH were not considered successful candidates for ED delivery. 

3.5  Statistical analysis results 

3.5.1  Membrane release studies 370 

The two-way ANOVA performed on the effect of the emulgels (liposomal and niosomal) and 

effect of the API form (MH, CS and AH) produced a highly significant interaction between the 

two types of emulgels and three API forms (F(2, 53)=7.23 (p=0.002)).  Due to the significant 

interaction and no substantial deviation from normality and homogeneity of variances, 

Tukey’s HSD tests were performed to test the significance of pairwise differences between 375 

the three means of roxithromycin solid-states, for each of the liposomal and niosomal 

emulgels.  The results of the liposomal formulas reported that all p-values were bigger than 

the desired level of significance 0.05; thus, they were not of interest.  The niosomal formulas 

resulted in statistical significant p-values (i.e. smaller than 0.05) between N-MH and N-CS, 

as well as between N-MH and N-AH and vice versa.  T-tests for independent groups, 380 

corrected for heterogeneity of variances, were performed on the separate API forms of every 

emulgel formula.  The current effect obtained for the MH group could be reported as 

t(15.70)=-2.42 (p=0.03), for the CS group as t(11.95)=2.27 (p=0.04) and for the AH group as 

t(15.68)=1.96 (p=0.07).  Thus, a significant difference on a 0.05 level was reported for MH 

and CS, with AH rendering no significant difference between the means of the two emulgels.  385 

Since deviation from normality occurred and could have an effect on the aforementioned 

results, these latter results were confirmed by performing the Mann-Whitney U 
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nonparametric test, which reported the p-values for MH as 0.05, for CS as 0.03 and for AH 

as 0.08. 

3.5.2  Skin diffusion studies 390 

3.5.2.1  Transdermal delivery 

Logarithmic transformation was done in advance to produce near to normal distribution, 

since statistical data reflected biased distribution.  The two-way ANOVA performed on the 

transdermal delivery results on the effect of the emulgels (liposomal and niosomal) and the 

API forms (MH, CS and AH) yielded a highly significant interaction between the two types of 395 

formulas (F(2.53)=41.39 (p<0.001)).  Due to the significant interaction and no substantial 

deviation from normality and homogeneity of variances, Tukey’s HSD tests were performed 

to test the significance of pairwise differences between the three means of the roxithromycin 

solid-state forms, for each of the liposomal and niosomal emulgels.  The results of the 

liposomal formulas reported p-values for L-MH and L-CS, as well as L-MH and L-AH, and 400 

vice versa, were highly significant (bigger than 0.05).  The niosomal formulas also resulted in 

highly significant p-values for N-MH and N-CS, as well as N-MH and N-AH.  T-tests for 

independent groups, corrected for heterogeneity of variances, were performed on the 

separate API forms of every emulgel formula.  The current effect obtained for the MH group 

can be reported as t(13.14)= 9.03 (p=0.000001), for the CS group as t(16.67)=1.72 405 

(p=0.10447) and for the AH group as t(13.85)=0.36 (p=0.72687).  Thus, a highly statistically 

significant p-value was reported for MH, while CS and AH rendered insignificant p-values. 

3.5.2.2  Tape stripping 

The three-way ANOVA test performed on the effects of the emulgels (liposomal and 

niosomal), effects of the API form (MH, CS and AH) and effect of different skin layers (SCE 410 

and ED), yielded an extremely statistically significant interaction between the liposomal and 

niosomal emulgels, the three API forms and the two skin layers (F(2, 106)=52.96 (p<0.001)).  

Due to the significant interaction and no substantial deviation from normality and 

homogeneity of variances, Tukey’s HSD tests were performed to test the significance of 

pairwise differences between the three means of roxithromycin solid-state forms, for each of 415 
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the liposomal and niosomal emulgels.  The results of the niosomal formulas reported that 

highly significant p-values (bigger than 0.05) for N-MH and N-CS, as well as N-CS and N-AH 

were obtained for the SCE skin layer.  For the ED delivery, highly significant p-values were 

obtained for N-MH and N-CS, as well as N-CS and N-AH   T-tests for independent groups, 

corrected for heterogeneity of variances, were performed on the separate APIs of every 420 

emulgel formula, as well as the skin layers.  The current effect obtained for the MH group for 

the SCE results can be reported as t(9.62)=5.61 (p=0.0003) and for the ED as t(9.10)=-9.17 

(p=0.000007).  For the CS group, the SCE results can be reported as t(9.57)=-17.01 

(p=0.000000) and the ED results as t(13.93)=4.31 (p=0.0007).  For the AH group the SCE 

results can be reported as t(8.04)=-7.01 (p=0.0001) and the ED results as t(8.55)=-7.27 425 

(p=0.00006).  Thus, a significant difference on a 0.05 level was reported for MH, CS and AH 

between the means of the two emulgel formulas in both the SCE and ED skin layers.  

Ranking from the most significant difference to the least significant on a 0.05 level as 

follows: SCE-CS > ED-MH > ED-AH > ED-CS > SCE-MH > SCE-AH.  T-tests were also 

performed on the liposomal and niosomal dispersions with regard to the separate API forms 430 

of every emulgel formula.  The current effect obtained for the L-MH group can be reported 

as t(10.79)=-0.23 (p=0.082).  For the L-CS group, it can be reported as t(10.19)=-4.55 

(p=0.001).  For the L-AH group the results can be reported as t(8.16)=7.72 (p=0.00005).  

The current effect obtained for the N-MH group can be reported as t(9.033)=10.92 

(p=0.000002).  For the N-CS group, it can be reported as t(9.01)=-9.90 (p=0.000004).  For 435 

the N-AH group the results can be reported as t(11.66)=28.79 (p=0.000000).  Thus, a 

significant difference on a 0.05 level was reported for L-CS, L-AH, N-MH, N-CS and N-AH 

between the means of the two emulgel formulas.  Ranking from the most significant 

difference to the least significant on a 0.05 level was as follows: N-AH > N-CS > N-MH > L-

AH > L-CS > L-MH. 440 
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4  Conclusion 

The aim of this study was to establish if roxithromycin encapsulated in liposome and 

niosome vesicle systems could be developed into emulgels for topical delivery.  This aim 

was reached, proving that it is possible to include encapsulated roxithromycin into an 445 

emulgel.  It was also determined that quantifiable concentrations of the API were found in 

the target area of the ED, with the niosomal vesicles containing CS resulting in the highest 

delivery. 
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Tables 

Table 1: 570 

Composition of the vesicle dispersions containing different solid-state forms 

Excipients MH CS AH 

Liposomes 

Roxithromycin 
200 mg equivalent 

to 195.76 mg 

200 mg equivalent to 

174.56 mg 
200 mg 

Lecithin 560 mg 560 mg 560 mg 

Cholesterol 240 mg 240 mg 240 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 

Niosomes 

Roxithromycin 
200 mg equivalent 

to 195.76 mg 

200 mg equivalent to 

174.56 mg 
200 mg 

Span® 60 400 mg 400 mg 400 mg 

Cholesterol 400 mg 400 mg 400 mg 

Chloroform:methanol 

(2:1, v/v) 
5 ml 5 ml 5 ml 

Milli-Q® water 10 ml 10 ml 10 ml 
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Table 2: 

Characterisation results for liposome and niosome dispersions 575 

Dispersion 
Vesicle size 

(nm) 
PdI 

Zeta-potential 

(mV) 
pH %EE 

Liposomes 

PL 90.07±1.44 0.203±0.01 -38.40±0.16 7.87±0.01 NA 

MH 90.54±2.83 0.183±0.02 -40.87±1.48 7.07±0.04 99.71±0.01 

CS 81.57±2.77 0.167±0.01 -52.05±0.45 7.33±0.03 99.69±0.04 

AH 83.91±2.92 0.178±0.01 -48.90±4.10 7.20±0.03 99.73±0.04 

Niosomes 

PL 226.27±30.83 0.613±0.01 -33.03±0.53 8.64±0.07 NA 

MH 354.17±27.12 0.701±0.07 -61.73±0.83 8.41±0.03 99.88±0.01 

CS 330.40±7.06 0.687±0.01 -50.00±0.20 8.41±0.01 99.87±0.01 

AH 295.33±37.35 0.615±0.06 -52.73±1.76 8.88±0.01 99.91±0.02 

 

  



 

73 
 

Figures 

 

Fig. 1:  TEM micrographs: a) and b) showing liposome vesicles, and c) and d) showing 580 

niosome vesicles 
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Fig. 2:  Box-plots indicating the flux (µg/cm2.h) of the liposomal and niosomal emulgels 

containing roxithromycin during the membrane release studies over 6 h 585 
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Fig. 3:  Box-plot indicating the mean and median amount per area diffused (µg/cm2) for 

roxithromycin in the liposomal and niosomal emulgels after 12 h 
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Fig. 4:  Box-plot indicating the mean and median concentration (µg/ml) of the liposomal 

emulgels for roxithromycin present in the SCE and ED 
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 595 

Fig. 5:  Box-plot indicating the mean and median concentration (µg/ml) of the niosomal 

emulgels for roxithromycin present in the SCE and ED 

SCE ED 

Mean 

Mean±SD 

Non-outlier range 

Outliers 

Extremes 

Median 

N-MH N-AH N-CS N-MH N-AH N-CS 

90 

80 

50 

70 

30 

20 

-10 

C
o

n
c

e
n

tr
a

ti
o

n
 (

µ
g

/m
l)

 

40 

0 

60 

10 



 

78 
 

CHAPTER 4 

CONCLUSION AND FUTURE RECOMMENDATIONS 

Roxithromycin is a semi-synthetic macrolide antibiotic, which can be used to treat skin infections 

(Bryskier, 1998:1).  The big surface area of human skin is an ideal route for drug administration; 

not only are systemic adverse effects and drug interactions reduced, but patient compliance is 

also improved due to ease of administration (Prausnitz & Langer, 2008:1261; Shingade et al., 

2012:66).  Topically applied antibiotics are generally used to treat mild to moderate acne 

infections due the bacteriostatic effect it has on P. acnes (Oschsendorf, 2006:829).  The acne 

causing microorganism, P. acnes, is susceptible to roxithromycin and can be used to effectively 

treat mild to moderate inflammatory acne (Glowka et al., 2014:83; Wosicka-Frackowiak et al., 

2015:816). 

The target-site of roxithromycin is the sebaceous follicles located in the dermis, where P. acnes 

accumulates, making it an ideal contender for acne treatment (Gollnick, 2003:1585).  The 

current topical treatment options for inflammatory lesions include clindamycin or erythromycin, 

but with growing resistance against P. acnes strains due to continuous use, a need arises for 

novel treatment options (Lavers, 2014:334).  A major challenge for the topical delivery of 

roxithromycin is the poor aqueous solubility, but altering the solid-state of an API can 

manipulate the physicochemical factors and improve the solubility (Threlfall, 1995:2452).  

Different solid-states of roxithromycin have been researched (Aucamp et al., 2012:475; Aucamp 

et al., 2013:18; Bawa, 2007; Du Plessis, 2004; Milne et al., 2016), and it has been reported that 

some of these solid-state forms can be included into thin-films, which serve as precursors for 

drug delivery vesicles (Csongradi, 2015:100; Boshoff, 2018:65; Swart, 2019:86).  Including 

roxithromycin into thin-films renders the API into an amorphous state due to the forming of an 

ASD.  Including roxithromycin into vesicle delivery systems, such as liposomes and niosomes, 

attributes to targeted topical delivery and improved bioavailability of the API. 

Niosomes are hydrated non-ionic surfactant-based vesicular systems, while liposomes are 

vesicle systems composed of phospholipids (Kumar & Rajeshwarrao, 2011:209).  Liposomes 

and niosomes have the ability to encapsulate hydrophilic or lipophilic drugs, which can increase 

the solubility of poorly soluble drugs 100 – 1 000-fold (Bansal et al., 2012:709).  The aim of this 

study was to establish whether liposomal or niosomal vesicle systems containing roxithromycin, 

could be developed further into emulgel formulations for topical application. 

In order to achieve the goal of this study, the following objectives were set: 

 Verification of suitability of the HPLC method for roxithromycin. 
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 Preparation of AH and CS solid-state forms of roxithromycin. 

 Solid-state characterisation by investigating the morphology using microscopy 

techniques, followed by confirming correlation of physicochemical attributes using FTIR, 

with that which is already reported in literature. 

 Performing TGA to determine the hydration or solvation level of the three crystalline 

forms of roxithromycin. 

 Preparation of liposome and niosomes containing the individual solid-state forms of 

roxithromycin (AH, CS and the MH). 

 Characterisation of drug delivery vesicles with and without the API in terms of drug EE%, 

morphology, pH, physical appearance, droplet size and zeta-potential. 

 To formulate an emulgel containing these liposomes and niosomes separately as drug 

delivery vesicles. 

 Determination of the stability of the emulgels containing the loaded or unloaded vesicles 

in accordance with ICH and SAHPRA guidelines.  Stability was determined by means of 

the following characterisation: pH, viscosity, mass loss, zeta-potential, droplet size and 

physical appearance.  Assay of the API was additionally evaluated for the emulgels 

containing the API. 

 The determination of the concentration of API released from the emulgel by means of 

membrane release studies. 

 Determining the transdermal and topical delivery of the APIs from the emulgel 

formulation by performing skin diffusion studies, followed by tape stripping. 

The previously validated and adapted HPLC method for the quantification of roxithromycin, as 

reported by Boshoff (2018:68) and Swart (2019:91), was verified.  The analysis method proved 

sensitive, accurate, repeatable and reliable to detect the concentration of roxithromycin.  The 

method was used throughout the study for roxithromycin quantification. 

The chloroform solvate solid-state form of roxithromycin was prepared according to the method 

reported by Aucamp et al. (2012).  The AH of roxithromycin was prepared by dehydrating the 

purchased roxithromycin MH using a laboratory drying oven. 

Three solid-states of roxithromycin comprising MH, CS and AH were characterised by means of 

FTIR.  The results obtained correlated with published results of Aucamp et al. (2012) and 

Aucamp et al. (2013), and it was established that the CS and AH solid-state forms were not the 

monohydrated form of roxithromycin.  This was further confirmed using TGA, which was used to 
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determine the hydration or solvation level of the three crystalline forms of roxithromycin.  The 

obtained percentage solvent that formed part of the crystalline structure was used to calculate 

the molecular weight of each crystalline form, which was applied when weighing the different 

APIs throughout the study. 

The MH, CS and AH solid-state forms were encapsulated into liposome and niosome vesicles, 

respectively.  Liposomes were prepared using an adapted method of solvent casting 

(Vasconcelos & Sarmento, 2015; Vasconcelos et al., 2016:89), which was combined with the 

thin-film/hand shaking method, as originally reported by New (1990:36-38).  Niosomes were 

prepared using an adapted method described by Agarwal et al. (2001:44).  A placebo vesicle 

system for both the liposome and niosome systems was also prepared.  The three solid-states 

were encapsulated into the vesicle systems separately, which resulted in a total of eight vesicle 

dispersions. 

The prepared vesicle dispersions were characterised in terms of droplet size, pH and zeta-

potential.  Transmission electron microscopy (TEM) was performed in addition to the other 

characterisation methods for the niosome and liposome dispersions containing no API, while 

the EE% was determined for the vesicle dispersions containing API.  The TEM results of the 

empty vesicle systems revealed well-formed liposomes and niosomes, with sizes smaller than 

3 µm, making it ideal for topical drug delivery (Barry, 2001:101; Bolzinger et al., 2012:163).  To 

ensure optimal topical delivery, particle sizes between 10 – 1 000 nm are recommended (Kumar 

& Rajeshwarrao, 2011:209).  The droplet sizes of all eight dispersions rendered satisfactory 

results, with the liposome dispersions ranging between 80 – 90 nm and the niosome 

dispersions ranging between 200 – 300 nm.  All the samples resulted in highly negative zeta-

potential values, which would improve permeation of the drug into the skin (Duangjit et al., 

2011:6).  All vesicle dispersions resulted in pH values higher than 7 and below 9, making them 

ideal contenders for skin application, since they met the requirements for topical formulations 

(pH should be between 3 – 9) (Naik et al., 2000:319; Paudel et al., 2010:118).  All the vesicle 

systems containing the different roxithromycin solid-states resulted in high entrapment near 

100%.  Better target-site delivery would be obtained as the API was almost fully incorporated 

within the vesicles.  Overall, satisfactory results were obtained during characterisation, 

confirming the roxithromycin MH, CS and AH could be successfully included in liposomes and 

niosomes for topical delivery. 

To increase the low viscosity of the vesicle formulations, a topical application containing the 

liposome and niosome vesicle systems was prepared.  An emulgel was the chosen application, 

which consisted of mixing the vesicle dispersions with a hydrogel base.  This method was 

adapted from Shirsand et al. (2016:203) and Ning (2005:378), and was applied to both vesicle 

systems, with and without API.  Theoretically, all the emulgels contained 2% of the different 
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solid-state forms of roxithromycin encapsulated in vesicle delivery systems, separately.  Due to 

the phosphatidylcholine (PC) used during liposome preparation, the liposomal emulgels 

presented with a light yellow colour.  The niosomal emulgels had a white colour due to the use 

of Span® and cholesterol during vesicle preparation.  All gels had a smooth gel-like consistency, 

with the placebo gels resulting with a lower viscosity than the emulgels containing the different 

roxithromycin solid-states. 

Adequate quantities of the vesicle emulgels were prepared and used to perform stability testing 

at different storage conditions, as stipulated by ICH and SAHPRA.  The stability tests consisted 

of the following characterisation: pH, viscosity, mass loss, zeta-potential, droplet size and 

physical appearance.  The assay of the API was additionally evaluated for the emulgels 

containing the API.  All liposomal and niosomal emulgels containing the API remained within the 

acceptable pH range for transdermal delivery, with the lowest pH value measured at 3.82 and 

the highest measured at 6.46 over the three-month testing period.  The ideal pH range for skin 

delivery is between 3 and 9 (Naik et al., 2000:319).  There was a significant change in viscosity 

observed over the three months, with fluctuating values for both the liposomal and niosomal 

emulgels.  The macroscopic results also confirmed that temperature and humidity influenced 

the viscosity of the emulgels.  There was an insignificant change in mass during the three-

month period, confirming that the storage containers used were suitable.  The ideal zeta-

potential value should be higher than + 30 mV or lower than - 30 mV, which indicates a stable 

formulation (Malvern Instruments, 2015:3).  Significant changes occurred during the three-

month period, and many of the liposomal and niosomal zeta-potential values did not comply 

with this limit.  The droplet sizes varied significantly during the three-month testing period, as 

well as the polydispersity index (PdI), the products varied from monodispersed to polydispersed, 

resulting in unsatisfactory results due to large droplets or aggregation.  The physical 

assessment revealed that high temperatures and humidity influenced the colour, the viscosity 

and skin feel of emulgels significantly.  The most significant colour change was observed with 

the liposomal emulgels due to the absence of PC.  The liposomal emulgel containing MH 

revealed micro-bacterial contamination during storage.  The appearance of all emulgels 

containing API went from smooth to uneven, with detectable changes in the viscosity of the 

products, but the “skin feel” remained smooth whenever applied.  The niosomal emulgels 

physically revealed a less significant change than the liposomal emulgels during storage.  

According to ICH (2003:9), there should be no variation larger than 5% in the assayed 

concentration from the initial value.  The concentration in both the liposomal and niosomal 

emulgels fluctuated during the three months testing period, and therefore it can be stated that 

none of the loaded emulgels complied with this limit over the three months period.  With only the 

pH and mass loss resulting in satisfactory results during the accelerated stability testing, the 
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observation was that an improved emulgel formulation with better stability needed to be 

developed. 

Membrane release studies were performed to determine if the encapsulated solid-states of 

roxithromycin were being released from the encapsulated vesicles.  The results revealed that all 

six vesicle dispersions successfully released the API from the vesicles formulated in an 

emulgel.  The highest median flux was obtained by the niosomal emulgel containing MH 

(67.08 µg/cm2.h), while the lowest median flux was observed by the niosomal emulgel 

containing AH (50.51 µg/cm2.h).  The excipients used to prepare the emulgels were identical for 

the separate vesicle systems, therefore it could be confirmed that the initial solid-state 

influenced the delivery. 

Skin diffusion studies followed the membrane release studies.  By applying the tape stripping 

method, it was possible to determine if the API was delivered topically.  Small amounts of the 

API were delivered transdermally, with the highest median amount per area diffused achieved 

by the liposomal emulgel containing MH (23.20 µg/cm2); all the other emulgels resulted in 

minimal delivery with median amount per area diffused values below 7.5 µg/cm2.  The lowest 

amount per area diffused was observed by the niosomal emulgel containing MH (0.58 µg/cm2), 

confirming that the type of vesicle used can be a deciding factor for the diffusion rate.  Limited 

systemic delivery is desirable, to avoid possible adverse systemic effects. 

Delivery to the stratum corneum-epidermis (SCE) is ranked from the highest to the lowest 

concentration as follows: the liposomal emulgel containing AH, the niosomal emulgel containing 

MH, the niosomal emulgel containing AH, the liposomal emulgel containing MH, the liposomal 

emulgel containing CS and lastly the niosomal emulgel containing CS.  All emulgels resulted in 

values above the limit of detection (LOD) (0.75 µg/ml) and lower limit of quantification (LOQ) 

(2.51 µg/ml), except for the niosomal emulgel containing CS which resulted in a value below the 

LOQ with a median concentration of 1.30 µg/ml.  All emulgels were successful in reaching the 

target-site, which was the epidermis-dermis (ED), with the exception of the niosomal emulgels 

containing MH and AH with average concentration values below the LOQ.  It is possible that the 

highly lipophilic MH and AH niosomal emulgels had a higher affinity for the various stratum 

corneum lipids, leading to a longer retention time in the SCE layer, resulting in poor ED delivery.  

The highest ED concentration was achieved by the niosomal emulgel containing CS 

(50.54 µg/ml), indicating that even though the initial solid-state was rendered to ASDs, 

physicochemical differences occurred, influencing topical delivery.  The liposomal emulgel with 

the highest ED concentration was CS (22.92 µg/ml).  The ED delivery can be ranked from 

highest to lowest concentration as follows: the niosomal emulgel containing CS, the liposomal 

emulgel containing MH, the liposomal emulgel containing CS, the liposomal emulgel containing 

AH, the niosomal emulgel containing MH and the niosomal emulgel containing AH.  CS 
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revealed the lowest SCE delivery and the highest ED delivery for both liposomal and niosomal 

emulgels, suggesting that this solid-state form of roxithromycin had the most favourable 

physicochemical properties to reach the target-site when included in an ASD.  The aim of this 

study was to establish if roxithromycin encapsulated in liposome and niosome vesicle systems 

could be developed into emulgel formulations for topical delivery.  This aim was reached, 

proving that it was possible to include encapsulated roxithromycin into an emulgel.  It was 

however observed that it is necessary to refine the emulgel formulation and to include 

preservatives.  It was also determined that quantifiable concentrations of the API were found in 

the target area of the ED, with the niosomal vesicles containing CS resulting in the highest 

delivery. 

Future recommendations include: 

 Incorporate a higher concentration of roxithromycin into the vesicle systems to improve 

skin permeation results. 

 Since a jelly instead of a gel is prone to form, due to the development of an overly strong 

matrix between Carbopol® and roxithromycin, it is recommended to use excipients with a 

weaker affinity to the API for emulgel formulation. 

 If Carbopol® is used for emulgel formulation it must be given adequate hydration time 

and thoroughly mixed thereafter to avoid phase separation during storage. 

 Add preservatives in emulgel formulations. 

 Use amber storage jars for liposomal formulations due to possible degradation during 

storage. 
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APPENDIX A 

ANALYTICAL METHOD VERIFICATION FOR HIGH-PERFORMANCE LIQUID 

CHROMATOGRAPHIC ANALYSIS OF ROXITHROMYCIN 

A.1 Introduction 

Validated methods that are justified and suitable to test the quality parameters of a particular 

pharmaceutical ensure accurate and dependable results.  According to the USP (2013:1), the 

validation of a method is the demonstration that an analytical method used for a specific test is 

suitable, precise and true for its intended purpose.  It is redundant to fully re-validate a method 

that has been validated; the existing validated method needs only to be verified by partially 

validating the method (FDA, 2014:19; Moffat, 2011:362; Etse, 2007:736; WHO, 2010:16, WHO, 

2018:6).  Method verification is performed to demonstrate and confirm the laboratory can 

perform the validated method as intended in the hands of the user (FDA, 2014:17).  This HPLC 

verification was used to confirm the validated method, which will subsequently be used to detect 

the concentration of roxithromycin, as published by Aucamp et al. (2016:175) and adapted by 

Boshoff (2018:68) and Swart (2019:91). 

A.2 Chromatographic conditions 

All research was performed at the Analytical Technology Laboratory (ATL) at the North-West 

University (NWU), Potchefstroom Campus, in a controlled research facility at room temperature 

(25°C).  The parameters used are noted below: 

Analytical instrument: An Agilent® 1100 Series HPLC system, equipped with an 

Agilent® 1100 isocratic pump, auto sampler and ultraviolet (UV) 

detector (Agilent Technologies, California), was used. 

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 (Agela 

Technologies, Germany). 

Mobile phase: The mobile phase consisted of 0.01 M ammonium dihydrogen 

phosphate (H6NO4P) buffer solution, with pH adjusted to 7.0 with 

diluted ammonia solution (7% w/v).  The buffer solution was mixed 

with HPLC grade methanol in an 85:15 (methanol:buffer) ratio.  

The mobile phase was filtered through a 0.22 μm nylon membrane 

filter (Membrane Solutions®, United States of America) before use. 

Flow rate: 1.0 ml/min 
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Injection volume: 50 µl 

Detection: UV at 205 nm 

Retention time: ± 5 min 

Stop time: 9 min 

Solvent: Methanol 

A.3 Standard preparation 

The standard solution was prepared by weighing 20 mg of roxithromycin reference standard 

powder and dissolving it in methanol in a 100 ml volumetric flask.  The solution was agitated in 

an ultrasonic bath for 1 min before being made up to volume.  The solution was filtered into a 

HPLC vial and injected in duplicate using different injection volumes. 

A.4 Verification parameters 

The parameters to verify this validated analytical method included accuracy (recovery), linearity, 

limit of detection (LOD) together with lower limit of quantification (LOQ), precision (repeatability) 

and specificity (ALACC, 2007:6; USP, 2013:1; WHO, 2018:10). 

A.4.1 Accuracy 

Accuracy, also known as recovery, is the closeness of agreement between the accepted 

reference value and the measured value (USP, 2011:2).  It is recommended to cover the 

specified range over a minimum of nine standards with three concentrations (ICH, 2005:10).  An 

acceptable percentage recovery ranges between 95 – 105% (FDA, 2014:19; Lobrutto & Patel, 

2007:461).  To evaluate the accuracy of the analytical method a reference standard solution, 

with a known concentration of 205 µg/ml, was prepared.  Three different sample solutions at 

three concentration levels (n = 9) were prepared and analysed in duplicate.  From Table A.1, 

the mean percentage recovery was calculated to be 98.61% (%RSD = 4.9%) and deemed 

acceptable. 
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Table A.1: Results for accuracy of roxithromycin 

Concentration 
(µg/ml) 

Peak area Recovery 

1 2 Average µg/ml % 

23.30 328.10 344.32 336.21 23.09 99.08 

22.50 330.36 313.19 321.77 22.10 98.20 

21.00 281.39 251.11 266.25 18.28 87.06 

58.25 888.86 897.25 892.97 61.32 105.27 

56.25 841.73 809.15 825.44 56.68 100.77 

52.50 710.43 742.43 726.43 49.88 95.01 

233.00 3463.18 3443.64 3453.41 237.14 101.78 

223.00 3280.96 3270.55 3275.76 224.94 99.97 

210.00 3060.15 3077.79 3068.97 210.74 100.35 

 

Mean 98.61 

SD 4.8 

%RSD 4.9 

 

A.4.2 Linearity 

The linearity is a validation parameter to measure the ability to acquire results directly 

proportional to the concentration of the API present in the sample within a specified range (ICH, 

2005:5).  The interval between the upper and lower concentrations refers to the range of 

analytical procedure.  Linear regression is used to analyse the results.  The acceptance criteria 

specify a regression coefficient of ≥ 0.997 (Lobrutto & Patel, 2007:461).  To evaluate the 

linearity of the analytical method, standard solutions with different concentrations were prepared 

and injected in duplicate.  A linear equation was used to interpret the data yielded by the 

regression and adapted by Graham (2011:352). 

y = mx + c Equation A.1 

Where: 

y = peak area 

m = slope 

x = concentration of roxithromycin (µg/ml) 

c = y-intercept 

It is evident that the concentration range of roxithromycin (4.40 – 436.00 µg/ml) versus the 

mean peak area provides a linear plot. From Table A.2 and Figure A.1, it can be observed the 

regression coefficient (R2) obtained for roxithromycin for the analytical method was 0.9998, 

which is indicative that the analytical method is acceptable and within the desired specifications. 
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Table A.2: Linearity results of roxithromycin standard solution 

Standard 
concentration(µg/ml) 

Peak area 

1 2 Average 

4.4 39.5 50.4 44.9 

10.9 121.3 116.2 118.7 

21.8 273.9 265.5 269.7 

43.6 566.5 569.8 568.2 

87.2 1126.0 1124.9 1125.4 

130.8 1780.0 1732.9 1756.5 

174.4 2279.8 2327.1 2303.4 

218.0 2972.3 2862.7 2917.5 

 

R2 0.9998 

y-intercept (c) -23.259 

Slope (m) 13.44 

 

 

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

the linearity of the analytical method 

A.4.3 Limit of detection and lower limit of quantification 

The lowest amount of analyte detected in the sample, which is not necessarily quantifiable into 

an exact numerical value, is defined as the detection limit (LOD).  The lowest amount of analyte 

that can be determined with acceptable accuracy and precision is defined as the quantitation 

limit (LOQ) (ICH, 2005:5).  According to Swartz and Krull (2011:46), the acceptance criteria for 

LOD is that the signal noise level should be equal to or surpass 3, while the LOQ signal noise 

level should target 10.  To evaluate the LOD and LOQ, a standard with low concentration was 

y = 13.444x - 23.259 
R² = 0.9998 
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prepared and injected six consecutive times at different injection volumes.  To calculate the 

results, the slope of a calibration curve and standard deviation of the response using the 

following formulas were applied (Swartz & Krull, 2011:46): 

LOD = K (SD/S) Equation A.2 

LOQ = K (SD/S) Equation A.3 

Where: 

K = constant (3 for LOD, and 10 for LOQ), 

SD = standard deviation of y-intercepts, and 

S = slope 

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

Concentration (µg/ml) 0.63 1.25 1.88 2.5 5 7.5 

P
e

a
k

 a
re

a
 

1 30.79 31.17 38.94 35.60 85.90 125.39 

2 30.86 33.62 41.70 44.01 79.09 129.04 

3 30.18 32.48 39.99 37.63 82.37 132.70 

4 0.00 32.04 36.94 42.59 82.30 129.14 

5 30.16 32.61 41.60 39.86 83.28 130.37 

6 30.52 33.34 36.20 45.22 87.90 129.58 

Area mean 25.42 32.54 39.23 40.82 83.47 129.37 

SD 11.37 0.81 2.11 3.44 2.81 2.16 

%RSD 44.73 2.48 5.39 8.43 3.36 1.67 

 

LOD (µg/ml) 0.752 LOQ (µg/ml) 2.506 

 

A.4.4 Precision 

The agreement between replicate measurements of a sample is defined as precision, this 

validation parameter can be divided into three levels: repeatability, intermediate precision and 

reproducibility (USP, 2011:3; Graham, 2011:352).  For the verification of a validated method it is 

only necessary to determine the repeatability, also known as intra-day precision (ALACC, 

2007:6; FDA, 2014:19). 
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A.4.4.1 Repeatability 

Repeatability or intra-day precision is used to determine the preciseness of a method over a 

short interval under the same conditions (ICH, 2005:5; Lavanya et al., 2013:1285).  A system is 

believed repeatable if the %RSD is 2% or less (Lobrutto & Patel, 2007:461).  To evaluate the 

system repeatability, a standard solution with a known concentration was injected six 

consecutive times. 

The results, as seen in Table A.4, confirm the system performance proved repeatable with 

%RSD values of 1.68% for peak area and 0.25% for the retention time. 

Table A.4: Results for repeatability of roxithromycin 

Injection number Peak area Retention time (min) 

1 565.42 5.276 

2 566.51 5.298 

3 558.79 5.302 

4 541.85 5.302 

5 549.66 5.305 

6 547.01 5.320 

Mean 555.87 5.30 

SD 9.31 0.01 

%RSD 1.68 0.25 

 

A.4.5 Specificity 

When an analytical method can selectively distinguish between the analyte of interest in the 

presence of other components, it may be considered specific (ICH, 2005:4).  If no peaks 

interfere with the peak of the specific analyte it confirms specificity as acceptable.  Specificity 

was evaluated by preparing a standard as previously mentioned in Section A.3.  A pipette was 

used to transfer 2 ml of the prepared standard solution into seven different test tubes, each 

containing 500 µl of either distilled water (H2O), sodium hydroxide (NaOH), hydrogen peroxide 

(H2O2), Span® 60, phosphatidylcholine (PC) or cholesterol.  The test tubes were left to stand for 

30 min, where after a volume from each test tube was placed into an HPLC vial and analysed.  

All samples were injected in duplicate. 

Figure A.2 illustrates the standard containing roxithromycin, and serves as a reference standard 

when comparing the different samples.  Figures A.3 to A.5 display the chromatograms of results 

obtained after analysis of the samples.  The roxithromycin peak was easily identifiable in the 

presence of the degradants.  In Figure A.6, the effect of the added components of niosome and 
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liposome formulations on the roxithromycin peak can be seen.  It is discernible that no peaks 

interfered with the roxithromycin peak. 

The specificity experiment proved that the degraded samples, obtained by adding different 

reagents to roxithromycin solutions, did not interfere with the determination and quantification of 

roxithromycin. 

 

Figure A.2: Roxithromycin standard for specificity analysis 

 

Figure A.3: Specificity analysis results using distilled water (H2O) as reagent 
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Figure A.4: Specificity analysis results using sodium hydroxide (NaOH) as reagent 

 

Figure A.5: Specificity analysis results using hydrogen peroxide (H2O2) as reagent 

 

Figure A.6: Specificity results for (a) Phosphatidylcholine (b) Span® 60 and (c) Cholesterol 
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A.6 Conclusion 

Method verification is essential to ensure established methods perform as intended under 

alternate conditions or in the hands of another user.  The parameters that were verified included 

accuracy (recovery), linearity, LOD together with LOQ, precision (repeatability) and specificity.  

The criteria for method verification were met for all instances, which confirmed the successful 

transfer of these methods to the user in the laboratory.  This confirms the method is 

dependable, reproducible and suitable for its intended use of identifying the concentration of 

roxithromycin encapsulated in the liposome and niosome vesicle systems. 
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APPENDIX B 

PREPARATION AND PHYSICAL CHARACTERISATION OF ROXITHROMYCIN 

CRYSTALLINE SOLID-STATE FORMS 

B.1 Introduction 

The two main classes of solid-state of a pharmaceutical active identified by researchers are 

crystalline or amorphous.  The crystalline class can also occur as a desolvate, hydrate or 

solvate form (Lee et al., 2008:580).  To identify a specific solid form is an indispensable task 

during any pharmaceutical product development.  An awareness of the solid-state forms of an 

API can expose various challenges or successes prior to or during product formulation. 

Vippagunta et al. (2001:4) define polymorphism as crystalline material with identical chemical 

composition, but dissimilar molecular packing.  According to Byrn et al. (1999:14), amorphism 

and polymorphism are vital in the formulation of pharmaceuticals as they give rise to a 

multiplicity of contemporary drug molecules.  Du Plessis (2004:72) screened for amorphous and 

polymorphic forms of roxithromycin, and the development of amorphous forms was further 

explored by Aucamp et al. (2012:467), whom also proved solution-mediated phase 

transformation of metastable solid-state forms of roxithromycin.  Furthermore, it was proven that 

roxithromycin could exist as either a monohydrate or an anhydrate (Aucamp et al., 2013:26).  

The amorphous solid-states of roxithromycin were also explored by Milne (2016:305), and it has 

since been reported that some of these different solid-state forms of roxithromycin can be 

successfully included into thin-films, which are the precursors to the preparation of drug delivery 

vesicles, such as liposomes and niosomes (Csongradi, 2015:100; Boshoff, 2018:65; Swart, 

2019:86).  During these precursor studies, it was found that irrespective of whether crystalline 

roxithromycin monohydrate or either of the two different amorphous forms of roxithromycin were 

used in the preparation of thin-films, roxithromycin was rendered in an amorphous state.  This 

can be ascribed to the fact that an amorphous solid dispersion is prepared when the API is 

combined with excipients such as cholesterol, phosphatidylcholine and Span® 60. 

A dispersion of a hydrophobic API in a hydrophilic polymer matrix, to produce a single-phase 

amorphous mixture, is known as an amorphous solid dispersion (Kalia & Poddar, 2011:10).  A 

simple preparation method of an amorphous solid dispersion is to dissolve the chosen API and 

polymer in a suitable solvent (Newman et al., 2012:1356).  The most important use of an 

amorphous solid dispersion is to increase the bioavailability of poorly soluble APIs, which is 

achieved by refining the speed and degree of dissolution (Van den Mooter, 2012:e79). 
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The rationale of this study was to establish whether liposomal or niosomal thin-films of easily 

obtainable roxithromycin solid-state forms may be developed further into a semi-solid 

formulation such as an emulgel.  Considering the formulation of emulgels from a cost point of 

view and scalability, and since it was already established that thin-film preparation renders 

roxithromycin in the amorphous state, it was decided to include only solid-state forms that could 

be purchased or prepared easily. 

This annexure discusses the methods of preparing thin-films containing either roxithromycin 

monohydrate, anhydrate or the chloroform solvated form.  The characterisation was performed 

by investigating the morphology using microscopy techniques followed by confirming correlation 

of physicochemical attributes using FTIR and TGA, with that already reported in literature 

(Aucamp et al. 2012:467; Aucamp et al., 2013:26). 

B.2 Preparation of roxithromycin solid-state forms 

The three solid-state forms of roxithromycin used during this study included the purchased 

crystalline monohydrate form of roxithromycin (MH) (see Section C.2.1), roxithromycin 

anhydrate (AH) (dehydrated monohydrate) and a polymorphic chloroform solvated (CS) form. 

B.2.1 Preparation of roxithromycin anhydrate 

The purchased roxithromycin monohydrate was dehydrated using a laboratory-drying oven 

(Binder, Germany).  The roxithromycin monohydrate was spread out thinly on the surface of a 

Petri dish, the oven temperature was set at 100°C and the sample was dried for a period of 

24 h. 

B.2.2 Preparation of the chloroform solvated polymorphic form 

To prepare the chloroform solvate form, the method reported by Aucamp et al. (2012) was 

used.  Purchased roxithromycin monohydrate was added to chloroform while stirring with a 

magnetic stirrer and the solution heated to approximately 60 ± 3°C.  Roxithromycin 

monohydrate was added until a milky solution was obtained, which indicated an oversaturated 

solution.  Chloroform was added in a drop-wise manner until the solution was clear.  

Evaporation occurred in a fume hood at room temperature (25°C) until a dried bulk was 

obtained. 
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Figure B.1: Preparation of chloroform solvated form of roxithromycin: a) roxithromycin 

monohydrate dissolved in chloroform and b) prepared granules of chloroform 

solvated form 

B.3 Preparation of the lipid films encapsulating the different solid-state forms 

The three solid-state forms of roxithromycin used during this study were encapsulated into 

liposomes and niosomes respectively by making use of an adapted thin-film technique.  Lipid 

films serve as precursors to vesicle systems such as liposomes and niosomes. 

B.3.1 Preparation of the lipid films for liposome formulation 

Solvent evaporation defined as solvent casting by Vasconcelos et al. (2015) and Vasconcelos 

et al. (2016:89) were used to prepare thin-films for liposome vesicle preparation for this study.  

A lipid mixture of phosphatidylcholine and cholesterol, a drop of α-tocopherol and the API was 

dissolved in chloroform by stirring the mixture in a glass beaker on a magnetic stirrer until fully 

dissolved.  The mixture was poured into Petri dishes and left in a fume hood for 24 h to ensure 

the solvent evaporated and any residual was completely removed.  This resulted in a thin-film 

on the bottom of the Petri dish. 

 

Figure B.2: Preparation of thin-films for liposomes: a) dissolved excipients and b) film formed 

after evaporation 

a) b) 

a) b) 
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B.3.2 Preparation of the lipid films for niosome formulation 

A lipid mixture of Span® 60, cholesterol and the API was dissolved in a chloroform and methanol 

mixture.  The glass beaker was placed on a hot plate at 60 ± 2°C and stirred until a thin-film 

formed on the bottom and all organic solvents had evaporated. 

 

Figure B.3: Preparation of thin-films for niosomes: a) undissolved excipients before heating 

and b) film formed after evaporation 

B.4 Analytical techniques used for physical characterisation 

B.4.1 Fourier-transform infrared spectroscopy 

A small quantity of sample was placed on the IR window of a Bruker Alpha FTIR spectrometer 

(United States of America), which recorded the IR-spectra over a range of 400 – 4000 cm- 1. 

 

Figure B.4: Bruker Alpha FTIR spectrometer 

B.4.2 Thermogravimetric analysis 

TGA was carried out using a TGA 4000 (PerkinElmer Waltham, United States of America).  The 

samples, weighing 1 – 3 mg each were placed in a porcelain crucible.  Subsequently, a heating 

programme of 10°C/min from ambient temperature to 250°C was used, this was done under a 

nitrogen purge of 40 ml/min.  The moisture lost during heating of the sample was documented. 

a) b) 
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B.5 Results and discussion 

B.5.1 Fourier-transform infrared spectroscopy results 

IR spectroscopy is known as a green fingerprint technique that provides rapid and reliable 

information about functional groups present in compounds, making it a useful tool for quality 

control testing of pharmaceuticals (Rohman, 2012:1; Stuart, 2004:71).  The results obtained for 

FTIR analysis are seen in Table B.1.  The most distinctive variances can be observed at the 

4 000 – 3 000 cm-1 range, where roxithromycin MH had three distinctive peaks at 3 570.19 cm-1, 

3 510.21 cm-1 and at 3 455.73 cm-1.  CS only had one broad peak at 3 422.05 cm-1 and AH also 

had a single peak at 3 457.74 cm-1 indicating the latter two forms were not monohydrates.  The 

broad peaks observed can be attributed to the fact that no water molecules were bound 

(Hollenbeck, 2007:2378).  The obtained infrared data correlates with that previously reported by 

Aucamp et al. (2012) and Aucamp et al. (2013). 

Table B.1: Wavenumbers of roxithromycin solid-state forms 

 

B.5.2 Thermogravimetric analysis results 

TGA was used to determine the hydration or solvation level of the three crystalline forms of 

roxithromycin.  The obtained percentage solvent, which forms part of the crystalline structure, 

was used to calculate the molecular weight of each crystalline form, as presented in Table B.2. 

Wavenumbers of roxithromycin solid-state forms 

Functional groups Regions (cm-1) MH CS AH 

O-H 

(strong & broad) 

N-H 

(strong & broad) 

4000 – 3200 

3400 – 3150 

3570.19 

3510.21 

3455.73 

3422.05 3457.74 

O-H 

(weak & broad) 

C-H 

(strong & broad) 

3000 – 2700 

3000 – 2500 

2980.71 

2969.47 

2932.57 

2878.37 

2829.02 

2971.83 

2936.79 

2875.95 

2829.59 

2969.29 

2932.51 

2876.15 

C≡N 

(weak) 

C≡C 

(weak) 

2400 – 2100 

2300 – 2100 
2285.92   
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Table B.2: Percentage solvent included in crystalline packing of roxithromycin solid-state 

forms and the resulting molecular weight (g/mol) 

Solid-state form 
Percentage solvent (%) 
obtained from analysis 

Calculated molecular 
weight (g/mol) 

MH 2.0 837.05 

AH 0.1 819.30 

CS 12.5 938.68 

 

B.6 Conclusion 

It is important to understand the properties of solid-state forms used for formulation during 

pharmaceutical development.  It is guaranteed that structural differences occur between 

crystalline forms in which drugs may exist, but according to Brittain (2009:34), it must be kept in 

mind that these differences occur solely in solid-state form.  Irrespective of the initial solid-state 

form, roxithromycin is rendered to the amorphous state when encapsulated in liposome or 

niosome thin-films.  The results obtained for FTIR analysis confirmed that the CS and AH solid-

state forms were not monohydrates and the data corresponded with the published results of 

Aucamp et al. (2012) and Aucamp et al. (2013).  The opportunity to resolve formulation 

problems of abandoned APIs may be addressed by employing different solid-state forms of an 

API (SSCI, 2019).  As this is exactly the case for roxithromycin, the solid-state forms previously 

discussed could be the ideal resolution to novel product development.  The main objective of 

this study is to develop an emulgel containing vesicle systems encapsulating roxithromycin for 

successful topical delivery.  The characterisation of the vesicle systems encapsulating these 

three different solid-states of roxithromycin will be discussed in Annexure C, while the 

formulation of an emulgel will be discussed in Annexure D; the possibility of topical delivery of 

these solid-state forms of roxithromycin will be discussed in Annexure F. 
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APPENDIX C 

FORMULATION AND CHARACTERISATION OF VESICULAR SYSTEMS 

ENTRAPPING ROXITHROMYCIN IN LIPOSOMES AND NIOSOMES 

C.1 Introduction 

Vesicle delivery systems have gained attention for possible drug delivery in various routes of 

administration (Carafa et al., 1998:51).  The ingredients used when preparing vesicle systems, 

as well as the method followed, ultimately determines the structure and properties of that 

specific carrier (Abdelkader et al., 2014:93, Naeem et al., 2015:579).  It has been reported that 

various solid-state forms of roxithromycin can be successfully included into thin films, which are 

the precursors to the preparation of drug delivery vesicles, such as liposomes and niosomes 

(Boshoff, 2018:109; Milne, 2015:305; Swart, 2019:140).  This appendix discusses the methods 

of the encapsulation of the roxithromycin into two different vesicle systems, and the 

physicochemical properties, such as pH, droplet size and zeta-potential of the prepared 

liposomal and niosomal vesicles.  Once the formulation methods were finalised, it remained 

unchanged throughout the remainder of the study. 

C.2 Ingredients used to formulate vesicular systems 

C.2.1 Roxithromycin 

Roxithromycin was the active ingredient encapsulated into the niosome and liposome vesicles.  

With a poor aqueous solubility of 0.0335 mg/ml at 25°C for the monohydrate form (Aucamp et 

al., 2013:26), other solid-state forms of the API were also explored.  Roxithromycin raw 

material, also known as the monohydrate form, was purchased from DB Fine Chemicals (South 

Africa). 

C.2.2 Cholesterol 

Cholesterol was added to the formula of the dispersions due to its ability to improve the rigidity 

and fluidity of vesicles, which in turn leads to less leakage of the vesicles (Karim et al., 

2010:378; Kumar & Rajeshwarrao, 2011:211; Varun et al., 2012:633).  Cholesterol forms part of 

the lipophilic phase of the vesicles and will regulate cohesion and water permeability of the 

membrane (Marianecci et al., 2013:67).  Due to the insolubility of cholesterol in water, a 

synergistic interaction between the hydrophobic alkyl chain of the surfactant and cholesterol 

forms bilayer structures in an aqueous medium (Ghosh et al., 2015:2311).  Cholesterol (from 

sheep wool) was purchased from Sigma-Aldrich (South Africa). 
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C.2.3 Non-ionic surfactants 

Non-ionic surfactants are chosen due to their ability to enhance solubility and ultimately 

increase the bioavailability of poorly soluble drugs (Mahale et al., 2012:47).  Their compatibility, 

stability and non-toxic nature is of importance for topical formulations.  The choice of non-ionic 

surfactant to form part of the vesicle’s lipid layer for this study was sorbitan monostearate 

(Span® 60) purchased from Merck Millipore (South Africa), as it produces the highest 

entrapment efficiency (EE%) amongst all the available grades of Tween and Span (Kumar & 

Rajeshwarrao, 2011:210; Mali et al., 2013:587; Ruckmani & Sankar, 2010:1124).  Together with 

cholesterol, it forms part of the lipophilic phase of the vesicles. 

C.2.4 Phosphatidylcholine 

Phosphatidylcholine (PC) was the phospholipid of choice for the preparation of liposomes due 

to delivering stable vesicles (Narenji et al., 2016:88).  L-α-phosphatidylcholine (from egg yolk) 

was purchased from Sigma-Aldrich (South Africa). 

C.2.5 α-Tocopherol 

α-Tocopherol (vitamin E), purchased from Sigma-Aldrich (South Africa), is added to liposomes 

to contribute to stabilising the lipid membrane by decreasing the oxidation of lipids (Quinn, 

2012:158). 

C.2.6 Organic solvents 

Chloroform is a non-irritating, non-flammable organic solvent (NCBI; 2019) and according to 

New (1990:33), is a popular solvent commonly used in the preparation of various types of 

vesicle systems.  Methanol is a volatile, flammable organic solvent (NCBI; 2019) and again 

according to New (1990:33), it is mostly used as a mixture with chloroform, with the volume ratio 

of chloroform:methanol customarily 2:1.  Chloroform and methanol, both purchased from ACE 

Chemicals (South Africa), are used as the organic solvent for the cholesterol, Span® 60 and PC 

in this study. 

C.2.7 Purified water 

Purified water serves as the aqueous phase to hydrate the lipid film (Patil & Jadhav, 2013:10).  

All experiments during the course of the study were done with Milli-Q® HPLC grade water, 

available in-house. 
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C.3 Preparation of vesicular systems 

Two carrier systems were prepared during this study.  Both liposomes and niosomes were 

prepared using the thin film method, with minor adaptions to existing methods to yield 

multilamellar vesicles. 

C.3.1 Method for preparation of liposome vesicles 

Table C.1 presents the formulas used to formulate drug containing or empty (without API) 

multilamellar liposomes. 

Table C.1: Composition of the liposome dispersions containing different solid-state forms 

Excipients PL MH CS AH 

Roxithromycin NA 
200 mg 

equivalent to 
195.76 mg 

200 mg 
equivalent to 
174.56 mg 

200 mg 

Lecithin 700 mg 560 mg 560 mg 560 mg 

Cholesterol 300 mg 240 mg 240 mg 240 mg 

α-Tocopherol 20 µl 20 µl 20 µl 20 µl 

Chloroform 10 ml 10 ml 10 ml 10 ml 

Milli-Q® water 10 ml 10 ml 10 ml 10 ml 

 

A method for solvent evaporation, described as solvent casting by Vasconcelos and Sarmento 

(2015) and Vasconcelos et al. (2016:89), was adapted and combined with the traditional hand 

shaking method as originally elucidated by New (1990:36-38) to prepare liposome vesicles for 

this study.  A lipid mixture of phosphatidylcholine and cholesterol, a drop of α-tocopherol and 

the API (where applicable), were dissolved in chloroform by stirring the mixture in a glass 

beaker on a magnetic stirrer until fully dissolved.  The mixture was poured into Petri dishes and 

left in a fume hood for 24 h to ensure the solvent evaporated; a film formed and the residual 

was completely removed.  The film was scraped off with a stainless steel lab spatula into a 

glass beaker.  Milli-Q® water was heated to 40 ± 2°C and added to the beaker.  The dry lipid film 

was hydrated using a magnetic stirrer for approximately 30 min until no large droplets were 

visible and a yellow milky suspension formed.  The mixture was sonicated on ice for 2 min with 

an ultrasonicator (Model UP200St, Hielscher Ultasonics, Germany), thereafter it was left for 2 h 

at room temperature to allow swelling of the vesicles. 
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Figure C.1: Preparation process of liposomes: a) dissolved lipid mixture, b) dissolved lipid 

mixture in Petri dishes before evaporation in fume hood, c) thin films that formed 

after evaporation of the organic solvents, d) dry lipid film in beaker, and e) milky 

solution after hydration of thin films 

C.3.2 Method for preparation of niosome vesicles 

Table C.2 presents the formulas of drug containing or empty (without API) multilamellar 

niosomes. 

Table C.2: Composition of the niosome dispersions containing different solid-state forms 

Excipients PL MH CS AH 

Roxithromycin NA 
200 mg 

equivalent to 
195.76 mg 

200 mg 
equivalent to 
174.56 mg 

200 mg 

Span® 60 500 mg 400 mg 400 mg 400 mg 

Cholesterol 500 mg 400 mg 400 mg 400 mg 

Chloroform:methanol 
(2:1, v/v) 

5 ml 5 ml 5 ml 5 ml 

Milli-Q® water 10 ml 10 ml 10 ml 10 ml 

 

The method described by Agarwal et al. (2001:44) was adapted for the preparation of 

niosomes.  A lipid mixture of Span® 60 and cholesterol, and the API (where applicable), was 

dissolved in the chloroform and methanol mixture.  The glass beaker was placed on a hot plate 

at 60 ± 2°C and stirred until a thin film formed on the bottom and all organic solvents had 

evaporated.  The film was hydrated with 10 ml of Milli-Q® water and stirred with a magnetic 

stirrer for 30 min until no large droplets were visible and a white milky suspension formed.  The 

mixture was sonicated on ice for 2 min with an ultrasonicator (Model UP200St, Hielscher 

a) c) b) 

d) e) 
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Ultasonics, Germany) thereafter it was left for 2 h at room temperature to allow for swelling of 

the vesicles. 

 

Figure C.2: Preparation process of niosomes: a) thin films that formed after evaporation of 

the organic solvents, b) hydrated solution, c) sonication of the dispersion with a 

sonicator probe and d) final niosome dispersions 

C.4 Methods used to characterise the vesicles formulated 

C.4.1 Transmission electron microscopy 

TEM was used to view the morphology and formation of the vesicle systems.  Due to the high 

resolution and magnification, this technique has proven to be superior to other imaging 

methods, such as conventional light microscopy (Laouini et al., 2012:156; Wibroe et al., 

2016:3).  An FEI Tecnai G2 20S-Twin 200 kV high-resolution transmission electron microscope 

(HRTEM) (Czech Republic), as seen in Figure C.3, fitted with an Oxford INCA X-Sight EDS 

System was operated by Dr A. Jordaan (Laboratory for Electron Microscopy, NWU, 

Potchefstroom Campus).  A drop of sample (diluted 10x with distilled water) was stratified onto 

a 300 mesh copper carbon-coated grid and left for 5 min to dry, any excess sample was 

removed with a piece of filter paper.  The lipid layers of the vesicles were stained using a drop 

of osmium tetroxide, and the sample was left to dry for 1 to 2 min before being viewed through 

the microscope. 

 

Figure C.3: Transmission electron microscope 

a) d) c) b) 
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C.4.2 Droplet size and distribution 

The size of the vesicles was determined using the Malvern Zetasizer Nano ZS (Malvern 

Instruments Ltd, United Kingdom).  The instrument uses dynamic light scattering to determine 

particle sizes.  The freshly prepared vesicle samples were diluted approximately 20 times with 

distilled water and 2 ml was injected into a clear disposable zeta-cell (DTS1070 folded capillary 

cell).  Each sample was measured in triplicate to ensure accurate results. 

 

Figure C.4: a) Malvern Zetasizer Nano ZS, and b) disposable zeta-cell 

C.4.3 Zeta-potential 

The zeta-potential of the vesicles was determined using the Malvern Zetasizer Nano ZS, as 

seen in Figure C.4.a (Malvern Instruments Ltd, United Kingdom).  The prepared vesicle 

samples were diluted roughly 20 times with distilled water, and 2 ml was injected into a clear 

disposable zeta-cell (Figure C.4.b), taking measurements in triplicate. 

C.4.4 pH determination 

To determine the pH values of the different vesicle systems, a Mettler Toledo® pH meter 

(Mettler Toledo, United States), equipped with a Mettler Toledo® InLab® 410 electrode (Mettler 

Toledo, United States), was used as seen in Figure C.5. 

 

Figure C.5: Mettler Toledo® pH meter 

a) b) 
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The electrode was inserted into a sufficient volume of each sample after being calibrated.  The 

measured pH value for each sample is reported in Tables C.7 and C.8, after taking 

measurements in triplicate. 

C.4.5 Entrapment efficiency 

To determine the amount of API encapsulated in each vesicle system, fresh samples were 

prepared in triplicate.  Approximately 20 ml was transferred into plastic test tubes and 

centrifuged with the assistance of Miss S. Lowe (Laboratory for Applied Molecular Biology, 

NWU, Potchefstroom Campus).  An OptimaL-100 XP ultracentrifuge (Beckman Coulter, United 

States of America), with a 50.2 Ti Rotor, was used to centrifuge the samples, with a rotation 

speed of 25 000 rpm for 30 min at a temperature of 25 ± 2°C.  A pellet containing the entrapped 

API formed at the bottom of the test tube, with a supernatant solution containing the 

unentrapped free API.  The supernatant was filtered and transferred into HPLC vials for 

analysis. 

C.5 Results and discussion 

C.5.1 Transmission electron microscopy 

TEM can only be performed on vesicles containing no API, as precipitation of the API can cause 

damage to the microscope.  As reported by Varun et al. (2012:636), the vesicles are presumed 

spherical, with sizes reported by previous studies ranging from 20 nm to 50 000 nm 

(Moghassemi & Hadjizadeh, 2014:30).  The ideal size for topical delivery is smaller than 3 µm, 

as it will permeate through the stratum corneum (Allec et al., 1997:119; Barry, 2001:101; 

Bolzinger et al., 2012:163). 

C.5.1.1 TEM results for liposome vesicles 

Figure C.6 represents the micrograph of the liposomes with no API.  It is evident that the 

liposomes presented with strong intact lipid membranes, as seen by the darker osmium 

tetroxide coloured membranes.  Densely packed liposomes were observed in various sizes, 

which correlated with the observed liposomes of Chen et al. (2016:78) having many diameters 

in the lesser nanometre range and a few in the larger nanometre range.  The formed liposomal 

vesicles are deemed fit for topical drug delivery with all sizes smaller than 3 µm. 
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Figure C.6: TEM micrographs: a) and b) showing liposome vesicles 

C.5.1.2 TEM results for niosome vesicles 

Figure C.7 illustrates the micrograph of the niosomes with no API.  The osmium tetroxide fixed 

to the unsaturated fatty acid of the phospholipids illustrates the vesicle membrane as a dark 

circular region of the vesicle.  Just as these TEM micrographs confirmed niosome vesicles in 

different size ranges, they correlated with the TEM images of Asthana et al. (2016:4), which 

also displayed a variety of diameter ranges.  All the vesicles resulted in sizes smaller than 3 µm, 

confirming the suitability for topical drug delivery. 

 

Figure C.7: TEM micrographs: a) and b) showing niosome vesicles 
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b) 
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C.5.2 Droplet size and distribution 

The TEM micrographs in Section C.5.1 established that the liposomal and niosomal vesicles 

had a large variety of different sized droplets.  To ensure optimal delivery of the API through the 

stratum corneum, particle sizes in the nanometre range 10 – 1000 nm are required (Kumar & 

Rajeshwarrao, 2011:209).  The polydispersity index (PdI) indicates the distribution of droplets 

throughout the dispersion (Shah et al., 2014:65; Shakeel et al., 2007:6).  A measured PdI close 

to 0 indicates the vesicles are monodispersed, whilst a PdI value approaching 1 indicates the 

droplets are polydispersed (Gaumet et al., 2008:3; Gaur et al., 2014:36). 

C.5.2.1 Droplet size results for liposome vesicles 

According to the results of the droplet size distribution, it can be established that the majority of 

particles were around the 80 – 90 nm size range, which resulted in a good size distribution 

curve, and all the sizes measured for the liposomes were well within the desired ranges for 

topical drug delivery.  This affirms all the samples would have no problem permeating through 

the skin despite the fact they presented with size variation within the dispersion.  Similar to the 

results of Ammar et al. (2011:148), a variation was visible on the curves (Figures C.8.a to d), 

such as a smaller tail at the end of the curve, which can be attributed to droplet aggregation or 

large sediments in the sample.  The PdI results for all dispersions were in the lower range.  

Dispersions presenting with a PdI value of less than 0.400, is usually considered as stable with 

uniform droplet dispersion (Marianecci et al., 2013:74). 

Table C.3: Droplet size (d.nm) and PdI results of different liposome dispersions 

Liposomes 
Measurement (d.nm) Average droplet 

size (d.nm) 
Average PdI 

1 2 3 

PL 91.57 88.12 90.51 90.07 ± 1.443 0.203 ± 0.007 

MH 94.51 88.07 89.05 90.54 ± 2.833 0.183 ± 0.018 

CS 85.73 83.97 79.17 81.57 ± 2.772 0.167 ± 0.007 

AH 81.61 88.03 82.1 83.91 ± 2.918 0.178 ± 0.011 
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Figure C.8: Size distribution results of liposome dispersions: a) PL, b) MH, c) CS and, d) AH 

C.5.2.2 Droplet size results for niosome vesicles 

The droplet sizes for the niosome vesicles were much larger than the liposomes, ranging 

between 200 – 300 nm.  All the samples could permeate through the skin easily even though 

they present with a variation in sizes within the dispersion.  A study by Ammar et al. (2011:148) 

showed the size distribution of their niosomes was between 50 nm – 980 nm; this demonstrated 

that many particles of different sizes in a formulation could still result in a good size distribution 

curve.  Variants, such as a smaller tail at the end of the curve (Figures C.9.a to d), can be 

attributed to droplet aggregation or large sediments in the sample (Ammar et al., 2011:148).  

The PdI values of the resulting dispersions also measured much higher than the liposomes, 

indicating that the dispersions were more polydispersed. 

Table C.4: Droplet size (d.nm) and PdI results of different niosome dispersions 

Niosomes 
Measurement (d.nm) Average droplet 

size (d.nm) 
Average PdI 

1 2 3 

PL 217.3 193.8 267.7 226.27 ± 30.829 0.613 ± 0.009 

MH 342.2 328.6 391.7 354.17 ± 27.115 0.701 ± 0.074 

CS 343.3 326.0 345.2 330.40 ± 7.063 0.687 ± 0.010 

AH 285.5 255.3 345.2 295.33 ± 37.354 0.615 ± 0.055 
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Figure C.9: Size distribution results niosome dispersions: a) PL, b) MH, c) CS and, d) AH 

C.5.3 Zeta-potential 

Zeta-potential results of dispersions can be attributed to the determination of the stability, 

entrapment efficiency and interaction with the skin (Bhatt & Madhav, 2011:2296; Klang et al., 

2015:262; Silva et al., 2012:860).  Great stability over time can be observed in dispersions with 

a highly negative zeta-potential (Eid et al., 2014:2; Silva et al., 2012:860), the reason being 

repelling particles lead to minimal fusion of vesicles (Bayindir & Yuksel, 2010:2055).  According 

to Chibowksi and Szcześ (2016:760), a choline group located below the phosphate group at a 

low ionic strength results in a negative zeta-potential.  It has been found that negative zeta-

potential values result in improved skin permeation of a drug during transdermal delivery, as 

stated by Duangjit et al. (2011:6). 

C.5.3.1 Zeta-potential results for liposome vesicles 

Satisfactory results were obtained of highly negative zeta-potential values.  The empty 

liposomes exhibited slightly higher values than the vesicles containing API; the highly negative 

results could be attributed to the adsorption of counter ions, or the preferential adsorption of 

hydroxyl ions at the vesicle surface (Junyaprasert et al., 2008:854). 
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Table C.5: Zeta-potential (mV) results of different liposome dispersions 

Liposomes 
Measurement (mV) Average zeta-

potential (mV) 1 2 3 

PL - 38.6 - 38.4 - 38.2 - 38.40 ± 0.163 

MH - 41.6 - 38.8 - 42.2 - 40.87 ± 1.482 

CS - 51.6 - 51.9 - 52.2 - 52.05 ± 0.245 

AH - 51.9 - 43.1 - 51.7 - 48.90 ± 4.102 

 

 

 

 

Figure C.10: Zeta-potential results for liposome dispersions: a) PL, b) MH, c) CS and, d) AH 

C.5.3.2 Zeta-potential results for niosome vesicles 

Desirable results of highly negative zeta-potential values were obtained, possibly ensuring 

improved skin permeation during diffusion studies.  The niosomes containing the API resulted in 

lower zeta-potential values than the blank niosomes, proposing more stable vesicles over time 

with less aggregation and coagulation (Bayindir & Yuksel, 2010:2055). 

Table C.6: Zeta potential (mV) results of different niosome dispersions 

Niosomes 
Measurement (mV) Average zeta-

potential (mV) 1 2 3 

PL - 33.0 - 32.4 - 33.7 - 33.03 ± 0.531 

MH - 61.0 - 62.9 - 61.3 - 61.73 ± 0.834 

CS - 49.6 - 50.2 - 49.8 - 50.00 ± 0.200 

AH - 54.9 - 52.7 - 50.6 - 52.73 ± 1.756 
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Figure C.11: Zeta-potential results for niosome dispersions: a) PL, b) MH, c) AH and, d) CS 

C.5.4 pH determination 

A wide pH range from 3 to 9 can be viable when dealing with the stratum corneum (Barry, 

2002:512).  The intended pH of a topical formulation is to range between 3 and 9, to avoid 

complications such as skin irritation (Naik et al., 2000:319; Paudel et al., 2010:118). 

C.5.4.1 pH results for liposome vesicles 

The results obtained for the different liposome dispersions endorse that the integrity of the skin 

will not be compromised due to the pH values. 

Table C.7: pH reading of different liposome dispersions 

Liposomes 
Measurement 

Average pH 
1 2 3 

PL 7.87 7.89 7.86 7.87 ± 0.013 

MH 7.03 7.07 7.12 7.07 ± 0.037 

CS 7.37 7.30 7.32 7.33 ± 0.029 

AH 7.20 7.16 7.23 7.20 ± 0.029 

 

C.5.4.2 pH results for niosome vesicles 

The measured pH values determined that all niosome vesicle dispersions corresponded with 

the ideal range for the skin, ensuring there are no unwanted effects on the skin.  The niosome 

pH values were slightly higher than the liposome vesicles possibly because of the different 

excipients used. 
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Table C.8: pH reading of different niosome dispersions 

Niosomes 
Measurement 

Average pH 
1 2 3 

PL 8.73 8.56 8.62 8.64 ± 0.070 

MH 8.39 8.45 8.40 8.41 ± 0.026 

CS 8.41 8.40 8.42 8.41 ± 0.008 

AH 8.89 8.87 8.87 8.88 ± 0.009 

 

C.5.5 Entrapment Efficiency 

The equation from Xiang et al. (2009:186) was adapted to calculate the final entrapment. 

EE% =  Equation C.1 

C.5.5.1 Entrapment efficiency results for liposome vesicles 

All the liposomal vesicles resulted in high entrapment, with results near 100%.  This suggests 

the roxithromycin was almost fully incorporated within the vesicles, resulting in better target-site 

delivery due to the high entrapment, leading to improved bioavailability of the API (Loureiro et 

al., 2015:96).  The high entrapment can be awarded to the long chain fatty acid of 

phosphatidylcholine, which is capable of accommodating more of the API molecules (Alvarez-

Trabado et al., 2017:212). 

Table C.9: Entrapment efficiency (%) results of different liposome dispersions 

Liposomes 
Experiment 

Average EE% 
1 2 3 

MH 99.71 99.71 99.72 99.71 ± 0.006 

CS 99.69 99.70 99.77 99.69 ± 0.040 

AH 99.76 99.75 99.66 99.73 ± 0.041 

 

C.5.5.2 Entrapment efficiency results for niosome vesicles 

Excellent entrapment was attained with the niosomal dispersions.  Good site delivery of 

roxithromycin will be possible with all entrapment results nearing 100%.  The high transition 

temperature of Span® 60, the inclusion of the lipophilic nature of cholesterol and the API all 

contributed to a high entrapment result (Bhushan et al., 2014:414; Chandu et al., 2012:28-29). 

Drug (total) - Drug (supernatant) 

Drug (total) 
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Table C.10: Entrapment efficiency (%) results of different niosome dispersions 

Niosomes 
Experiment 

Average EE% 
1 2 3 

MH 99.87 99.88 99.87 99.88 ± 0.008 

CS 99.86 99.89 99.88 99.87 ± 0.013 

AH 99.88 99.92 99.92 99.91 ± 0.017 

 

C.6 Conclusion 

It is important to accurately predict and determine the properties, behaviour and results of 

vesicle systems.  The characterisation of the vesicles thus provides assurance when witnessing 

effects on topical delivery to the skin and any further findings.  The liposomal and niosomal 

vesicles for use in this study were characterised according to their morphology, size distribution, 

zeta-potential, pH and entrapment efficiency. 

Table C.11: Final characterisation results for liposome and niosome vesicle dispersions 

Dispersion 
Vesicle size 

(nm) 
PdI 

Zeta-
potential 

(mV) 
pH %EE 

Liposomes 

PL 90.07 0.203 - 38.40 7.87 NA 

MH 90.54 0.183 - 40.87 7.07 99.71 

CS 81.57 0.167 - 52.05 7.33 99.69 

AH 83.91 0.178 - 48.90 7.20 99.73 

Niosomes 

PL 226.27 0.613 - 33.03 8.64 NA 

MH 354.17 0.701 - 61.73 8.41 99.88 

CS 330.40 0.687 - 50.00 8.41 99.87 

AH 295.33 0.615 - 52.73 8.88 99.91 

 

All the prepared vesicles entrapping the different solid-state forms of roxithromycin produced 

satisfactory results with regard to characterisation, encouraging further formulation of an 

emulgel to produce a more manageable topical application that will be discussed in Appendix D. 
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APPENDIX D 

FORMULATION OF AN EMULGEL CONTAINING ROXITHROMYCIN 

ENCAPSULATED IN LIPOSOMES AND NIOSOMES 

D.1 Introduction 

To treat topical conditions, a semi-solid dosage form is preferred ensuring prolonged skin 

contact of the API and better patient compliance, which is one of the most important deciding 

factors for treating a condition (Mahalingham et al., 2008:267; Kurian & Barankin, 2011:4).  

Semi-solid dosage forms do not flow freely and are divided into gels, creams, ointment, 

poultices or pastes (Stahl, 2015:209-218).  A gel is the ideal choice to reach faster release of 

the API, but the delivery of hydrophobic APIs can prove challenging.  Changing an emulsion 

into a semi-solid formulation to form an emulgel, for instance, can overcome this limitation 

(Redkar et al., 2019:586).  To further improve topical delivery, vesicles are used as a delivery 

system in emulgel formulations; providing increased skin penetration with less systemic 

absorption due to better retention of the API in skin layers (Mali et al., 2013:587; Nasir et al., 

2012:484).  Previous studies confirmed that prepared amorphous solid-dispersions containing 

different encapsulated solid-states of roxithromycin are able to successfully deliver the API for 

topical treatment (Csongradi, 2015; Boshoff, 2018; Swart, 2019). 

Currently, there is no topical treatment using roxithromycin available for acne.  The purpose of 

this Appendix was to increase the low viscosity of the vesicle formulations, as discussed in 

Appendix C, to achieve a patient-friendly and easy to use topical application for acne using 

roxithromycin. 

D.2 Intended purpose of the formulation and dosage form selection 

The main purpose was to increase the viscosity of the dispersions (vesicles), for ease of use, by 

formulating a semi-solid dosage form.  Normally, a semi-solid dosage form consists of two 

phases, where a larger portion identified as the external phase is combined with a dispersed 

phase, while the API is dissolved in either the oil or water phase (Valentine, 2014:153).  Other 

topical dosage forms, such as creams and ointments, are greasy and sticky with low spreading 

coefficient, therefore gel formulations are more advantageous in this instance (Redkar et al., 

2019:588).  For this study, a gel and versions thereof were investigated for the topical delivery 

of roxithromycin. 
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D.2.1 Semi-solid dosage form: gel 

A gel is a significantly dilute cross-linked system, immobilised by surface rigidity of network 

fibres, presenting with both liquid and solid properties (Allen et al., 2011:278; Kute & Saudagar, 

2013:368; Kaur & Guleri, 2013:1).  The challenge a gel poses is to incorporate lipophilic APIs, 

which could possibly be addressed by using emulsion based strategies as described by Pant et 

al. (2015:1729). 

D.2.2.1 Emulgel 

A conventional gel could not suffice to incorporate the vesicle dispersions, therefore an emulgel 

would be the perfect solution to incorporate lipophilic actives within a semi-solid dosage form 

(Gaur et al., 2014:38; Kute & Saudagar, 2013:368).  The combination of an emulsion with a gel 

base defines an emulgel.  Properties such as easily spreadable, emollient, greaseless, non-

staining and thixotropic can be used to describe an emulgel, with another advantage being 

enhanced skin penetration due to the emulgels hydrophilic and hydrophobic nature (Redkar et 

al., 2019:589). 

D.3 Excipients used to formulate a liposomal or niosomal emulgel 

D.3.1 Gelling agent 

Carbopol® 934 (Lubrizol, South Africa) consist of polymers of acrylic acid cross-linked with 

polyalkenyl ethers or divinyl glycol.  When dispersed in water, the polymers swell and produce a 

viscous dispersion, and according to Islam et al. (2004:1198), they are suitable in the use of 

topical formulations.  Carbopol polymers are well-known for their safety and low toxicity profiles, 

thus making them effective gelling agents (Tang et al. 2007:2785). 

D.3.2 Glycerine 

Glycerine, also known as glycerol, was purchased from Merck Millipore (South Africa).  

Glycerine served as an emollient, enhancing the feeling on use, by contributing to smoothness 

while avoiding skin irritation. 

D.3.3 Purified water 

Purified water served as the aqueous phase to form the gel.  All experiments throughout the 

study were done with Milli-Q® HPLC grade water available in-house. 



 

128 
 

D.4 Formulation of an emulgel containing vesicle systems 

D.4.1 Pre-formulation of a topical emulgel containing vesicles 

Pre-formulation ensures the development of a stable and safe dosage form.  After a 

comprehensive literature study, a trial-and-error approach was used to eliminate failed gel 

formulations.  Different methods were used and the formulations were examined visually, the 

final formulation was chosen due to favourable viscosity and colour.  The end goal for viscosity 

was to achieve a smooth gel, with high consistency that would be easy to apply, while the 

colour should preferably be neutral or light to ensure patient acceptability.  The method 

described by Lundie (2016:130) and Rane et al. (2018:821) was adapted and employed for the 

vesicle gel formulations.  This method used propylene glycol, methylparaben and propylparaben 

as preservatives, together with a carbomer and water mixture with the vesicle dispersion added.  

At first it seemed to render satisfactory results, a light and smooth emulgel that was not sticky.  

After storing the gel for 6 h, the formulations changed from being smooth to irregular, with 

visible pieces in the formulation.  The visual examination of the samples revealed texture 

change and possible phase separation, thereafter other methods were tested.  An adapted 

method of Shirsand et al. (2016:203) and Ning (2005:378) delivered the most favourable results 

and was used for all further emulgel preparation. 
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D.4.2 Method of preparation for emulgels containing encapsulated roxithromycin 

 

Figure D.1: Diagrammatic representation of the formulation of a liposomal or niosomal 

emulgel 

Table D.1: The final formula of the vesicle emulgel containing roxithromycin 

Excipients Amount 

Phase A 

Vesicles (containing 2% roxithromycin) 10 ml 

Phase B 

Glycerol 10.0% 

Carbopol®934 1.5% 

Milli-Q® water Add to 15 ml 

 

Liposomal/niosomal emulgel 

PHASE A Liposome/niosome 
dispersion 

Liposome/niosome 
dispersion 

 

Liposome/niosome 
dispersion 

 

MH AH CS 

Preparation of thin 
films and hydration of 
films 

Hydrogel base 

Water Carbopol® 934 Glycerol 

Homogenise and 
neutralise mixture 

PHASE B 
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D.4.2.1 Preparation of the liposomal and niosomal dispersions 

When an API is capsulated in a vesicle it can promote the bioavailability and reduce the side-

effects of the chosen API.  Surfactants used during formulation of vesicles also act as 

penetration enhancers by eliminating the mucous layer (Kaur et al., 2018:72).  The method for 

preparation of the liposomal dispersion is described in Appendix C.3.1, and for the niosomal 

dispersion the method is fully discussed in Appendix C.3.2. 

D.4.2.2 Preparation of the hydrogel base 

The glycerol was accurately weighed, added to the water and stirred with a glass rod until 

dissolved.  The Carbopol® 934 was sifted into the water through a metal sieve to break any 

agglomerates due to the static charge of the particles.  The Carbopol® 934 was left to hydrate 

for at least 30 min.  The impeller of a RZR 2041 homogeniser (Heidolph, Germany) was 

submerged close to the bottom of the beaker of the hydrated Carbopol® 934 and water mixture.  

A vortex of approximately 1 000 rpm was used to agitate the liquid until a lump-free dispersion 

was attained.  The mixture was neutralised with ammonia solution (NH3).  Water, glycerol and 

Carbopol® 934 form strong OH-bonds, which in turn deliver a clear and smooth gel. 

 

Figure D.2: Method of formulation of the hydrogel base: a) water containing dissolved 

glycerol, b) homogenising of Carbopol® 934 and water mixture and c) prepared 

clear hydrogel base 

D.4.2.3 Preparation of the emulgels containing the vesicles 

For the preparation of the final emulgel formulations, the selected vesicle dispersion was added 

to a calculated amount of hydrogel base and mixed using a glass rod until the gel was smooth 

and thoroughly mixed.  Both the liposomal and niosomal emulgels, containing the different solid-

states of roxithromycin, presented a homogenous and smooth gel-like substance, it had a light 

and pleasant feel when applied to the skin with no oily residue. 

a) b) c) 
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Figure D.3: A niosomal and liposomal emulgel 

D.5 Characterisation of emulgels 

Evaluating the properties of the formulated liposomal and niosomal emulgels would help to 

determine which emulgel could be regarded as optimal.  The following characteristics of both 

liposomal and niosomal emulgels were determined, and are fully discussed in Appendix E: 

 concentration assay of active ingredient; 

 pH; 

 viscosity; 

 zeta-potential; 

 mass loss; 

 droplet size; 

 visual appearance. 

D.6 Conclusion 

Emulgels are a front-runner when compared to other delivery systems (Kumar et al., 

2015:1182).  The formulated liposomal emulgel presented with a light yellow colour due to PC 

used during preparation of the liposome vesicle systems, while the niosomal gel had a white 

colour.  Both liposomal and niosomal emulgels had a gel-like consistency, with favourable 

smoothness when applied to the skin.  The emulgels theoretically contained 2% of the different 

solid-state forms of roxithromycin encapsulated in vesicle delivery systems, separately.  These 

emulgel formulations succeeded in improving the viscosity of the vesicle dispersions.  Adequate 

quantities of the vesicle emulgels were prepared and used to perform stability testing at different 

storage conditions, as discussed in Appendix E. 
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APPENDIX E 

STABILITY TESTING OF LIPOSOMAL AND NIOSOMAL EMULGELS 

E.1 Introduction 

It is important for a pharmaceutical product to remain potent, non-toxic and uniform, and to 

retain chemical integrity during storage.  To store a product under normal conditions for a long 

period is uneconomical and time consuming.  Exposing an API product to a variety of 

environmental factors, such as temperature and humidity, can provide evidence on the 

variability of the quality of the product, while also establishing recommended storage conditions 

and shelf-life at an accelerated rate (Bajaj et al., 2012:131).  Thorough stability testing consists 

of both chemical and physical characterisation during storage over a recommended period, with 

a report on physical appearance and assay of all APIs included (ICH, 2003:1).  Arrhenius stated 

for every 10°C increase in temperature, the speed of reaction is multiplied, or increased 

threefold (Bajaj et al., 2012:132).  Accelerated testing use exaggerated storage conditions in 

order to increase the rate of chemical degradation and physical alteration of a product, therefore 

using the Arrhenius equation is the most efficient method to shorten the stability test period of 

pre-formulation studies, according to Barnes (2007:661).  The accepted criteria, according to 

the South African Health Products Regulatory Authority (SAHPRA) (MCC, 2012:14), indicates 

there should be no significant change during the stability testing period.  The following can be 

seen as a significant change for an API product (ICH, 2003:9): 

6. a 5% change in assay from the initial value; 

7. any degradant surpassing its specification limit, 

8. appearance and physical attributes (e.g. colour, phase separation) not meeting its 

specifications; 

9. pH measurements surpassing its specification limits; 

10. dissolution for 12 dosage units surpassing specification limits for capsules and tablets. 

E.2 Methods 

E.2.1 Sample preparation 

The emulgels containing liposome or niosome vesicle systems encapsulating roxithromycin, as 

described in Appendix D, were prepared in bulk for use during stability testing.  A test sample of 

every formulation was analysed directly after the preparation of the initial test results.  A placebo 
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(vesicles containing no API) was used as the control group during the studies.  All formulations 

were stored upright in 50 ml glass jars with polyvinylidene chloride (PVDC) liners. 

E.2.2 Accelerated stability testing method 

Stability tests were performed using the guidelines provided by SAHPRA for accelerated 

stability testing.  The formulations were stored in three different airtight Labcon® humidity 

chambers (Maraisburg, South Africa) for a period of three months, the temperature and humidity 

was noted every day for the duration of the study to ensure stable conditions throughout the 

assessment period. 

The chambers were set to the following conditions to increase the speed of reaction, as 

predicted by Arrhenius (Bajaj et al., 2012:132; MCC, 2012:13): 

 40 ± 2°C/75 ± 5% RH (Stability chamber 1) 

 30 ± 2°C/65 ± 5% RH (Stability chamber 2) 

 25 ± 2°C/60 ± 5% RH (Stability chamber 3) 

 

Figure E.1: Labcon® humidity chambers used to perform accelerated stability tests 

A sample of each formulation was removed from storage at months 1, 2 and 3 and allowed to 

reach room temperature before assessment.  Each sample was analysed in triplicate.  The 

following assessments were performed on all formulations at monthly intervals: 

 Concentration assay of active ingredient; 

 pH; 

 viscosity; 

 zeta-potential; 
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 mass loss; 

 droplet size; 

 visual appearance. 

E.2.2.1 Concentration assay 

Approximately 1 ml sample representative of each storage condition was accurately weighed 

and dissolved in methanol in a 100 ml volumetric flask.  The previously verified HPLC method, 

as fully described in Appendix A, was used to evaluate the concentration assay of the API in the 

emulgels.  A Venusil XBP C18 (2) reverse phase 150 x 4.6 mm column with a 5 µm particle size 

(Agela Technologies, Germany) was used together with an Agilent® 1100 Series HPLC system 

(Agilent Technologies, California).  The mobile phase (pH 7) consisted of a 0.01 M NH4H2PO4 

buffer solution mixed with methanol in the ratio 15:85.  A flow rate of 1 ml/min and injection 

volume of 50 µl, set with a run time of 9 min and 205 nm detection wavelengths, was utilised.  

The concentrations were quantified, the mean percentages relative to the initial assay results 

were evaluated and a standard sample was prepared, as stated in Section A.3, to serve as a 

control for the analysis.  The experiment was done in triplicate to ensure reliable results. 

 

Figure E.2: An Agilent® 1100 Series HPLC system used to perform assay assessments 

E.2.2.2 pH 

The pH of samples representative of every storage condition was measured in triplicate using a 

Mettler Toledo pH meter (Mettler Toledo, Switzerland) after calibration. 
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Figure E.3: Mettler Toledo pH meter used to perform pH measurements 

E.2.2.3 Viscosity 

A Brookfield Viscometer DV2T Ultra (United States of America) was used to measure the 

viscosity.  The viscosity was measured in centipoises (cP) at 25°C using a LV-4 spindle.  

Multipoint data was collected on Rheocalc T 1.2.19 software; it was recorded at intervals of 

10 sec for 2 min with a speed of 5 rpm, after which an average was calculated. 

 

Figure E.4: A Brookfield Viscometer DV2T Ultra used to measure viscosity 

E.2.2.4 Zeta-potential 

Approximately 1 ml of each of the samples representing every storage condition was diluted 

with 20 ml purified water.  Approximately 2 ml of a dilution was injected into a clear disposable 

zeta-cell (DTS1070 folded capillary cell) and the zeta-potential was measured in triplicate using 

a Malvern zeta-sizer Nano ZS (Malvern Instruments, United Kingdom). 



 

138 
 

 

Figure E.5: Malvern zeta-sizer Nano ZS used to measure zeta-potential 

E.2.2.5 Mass loss 

The same container for every sample, for every storage condition was weighed in triplicate 

every month for three months using a calibrated Mettler Toledo (Switzerland) balance. 

 

Figure E.6: Mettler Toledo balance used to determine mass loss 

E.2.2.6 Droplet size 

The average droplet size and PdI were measured in triplicate using a Malvern zeta-sizer 

Nano ZS (Malvern Instruments, United Kingdom). To reduce interaction between droplets 

approximately 1 ml of each of the samples representing every storage condition was diluted 

with 20 ml purified water.  About 2 ml of a dilution was injected into a clear disposable zeta-cell 

(DTS1070 folded capillary cell) for analysis. 

E.2.2.7 Visual appearance 

A sample from each storage condition was inspected monthly to report any macroscopic 

changes.  Colour, smell and feel were reported, and photos of every sample at the different 

storage conditions were taken at every monthly assessment to be compared to the initial 
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photographs.  Visual and sensory assessments were performed at the same time of the day at 

each time interval. 

E.3 Results and discussion 

E.3.1 Concentration assay 

The concentration assay results obtained over the three-month period were summarised in 

Tables E.1 to E.2.  The mean percentage concentration change of the API in the samples 

representing each different storage condition, relative to the initial values, was calculated.  

Some formulations resulted in an initial concentration higher than 100%, which can be seen as 

acceptable, since Barnes (2007:650) applied this method to increase the shelf life of a product.  

The only liposome formulations to comply with the acceptable limit (5.0% variation) were L-CS 

in month 2, with a 2.8% variation (40°C/75% RH) and L-AH in month 2 (4.3% variation) and 

month 3 (1.9% variation) at 30°C/65% RH and 25°C/60% RH, respectively.  Values for N-CS 

were within the variation limit on month 1 (4.1% variation) and month 2 (4.8% variation) at 

30°C/65% RH and 25°C/60% RH, respectively.  N-AH also had two values within the limit on 

month 2 (3.8% variation) and month 3 (1.2% variation) at 40°C/75% RH and 30°C/65% RH, 

respectively.  The concentration assay in liposomal and niosomal emulgels fluctuated during the 

three month testing period.  This could be attributed to poor mixing of the semi-solids during 

bulk formulation.  It is also possible that poor mixing resulted in uneven distribution of the API in 

the separate glass containers delivering fluctuating results.  The degradation could also be due 

to the absence of preservatives leading to insufficient protection of the API in the emulgel.  It 

can be concluded that none of the emulgels delivered satisfactory results with regard to the 

assay of API. 

Table E.1: The average concentration assay (%) results of an emulgel containing 

roxithromycin encapsulated in liposomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-MH 

40°C/75% RH 98.6 ± 1.30 61.9 ± 1.79 51.3 ± 2.81 37.8 ± 3.26 

30°C/65% RH 98.6 ± 1.30 64.6 ± 7.84 69.2 ± 2.44 30.9 ± 2.52 

25°C/60% RH 98.6 ± 1.30 61.5 ± 2.75 97.4 ± 9.49 33.4 ± 1.15 

L-CS 

40°C/75% RH 77.5 ± 0.33 73.6 ± 1.99 75.3 ± 4.90 16.1 ± 0.51 

30°C/65% RH 77.5 ± 0.33 63.8 ± 2.39 115.2 ± 4.50 49.9 ± 1.84 

25°C/60% RH 77.5 ± 0.33 89.3 ± 1.39 72.8 ± 0.60 45.2 ± 1.54 

L-AH 

40°C/75% RH 104.8 ± 1.30 86.1 ± 2.16 70.96 ± 2.12 33.2 ± 1.62 

30°C/65% RH 104.8 ± 1.30 47.7 ± 1.64 109.3 ± 1.32 61.7 ± 1.02 

25°C/60% RH 104.8 ± 1.30 91.7 ± 2.90 102.8 ± 7.94 72.0 ± 2.09 
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Table E.2: The average concentration assay (%) results of an emulgel containing 

roxithromycin encapsulated in niosomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-MH 

40°C/75% RH 102.4 ± 4.16 83.4 ± 0.43 62.8 ± 2.28 45.9 ± 0.95 

30°C/65% RH 102.4 ± 4.16 85.7 ± 1.52 95.4 ± 12.70 59.3 ± 1.37 

25°C/60% RH 102.4 ± 4.16 77.2 ± 12.31 111.8 ± 9.73 79.3 ± 1.53 

N-CS 

40°C/75% RH 77.5 ± 0.76 101.9 ± 1.23 89.2 ± 1.57 43.0 ± 0.49 

30°C/65% RH 77.5 ± 0.76 80.7 ± 1.15 86.1 ± 7.88 49.6 ± 23.44 

25°C/60% RH 77.5 ± 0.76 61.8 ± 6.22 81.2 ± 3.26 71.1 ± 2.45 

N-AH 

40°C/75% RH 112.9 ± 0.16 145.5 ± 1.57 108.6 ± 3.69 51.1 ± 1.80 

30°C/65% RH 112.9 ± 0.16 79.1 ± 1.34 130.3 ± 9.17 111.6 ± 0.69 

25°C/60% RH 112.9 ± 0.16 92.4 ± 0.75 146.0 ± 0.91 111.6 ± 0.17 

 

E.3.2 pH 

The pH values of the liposomal and niosomal emulgel samples over a three months period, 

representing each storage condition, are indicated in Tables E.3 and E.4.  A pH value indicates 

the ratio between hydroxide ions [OH-] and hydrogen ions [H+] in a solution, which should 

remain constant in a stable solution (Hach company, 2018:6).  It can thus be accepted that a 

disturbance of the [H+] balance occurred if a change in pH was noted.  It is known that 

roxithromycin contains OH-groups, which could also influence the pH level of the formulations.  

To prevent possible skin damage, the ideal pH range for skin delivery is between 3 and 9 (Naik 

et al., 2000:319).  Taking the results as seen in Tables E3 and E4 into consideration, it is 

evident that both [H+] and [OH-] concentration variations occurred during storage.  As no trend 

in the pH values was observed over the three months testing period, a possibility of chemical 

instability could be considered.  To ensure satisfactory permeability of the API through the skin 

layers, a good pH balance must be maintained throughout storage.  Both the liposomal and 

niosomal emulgels for all storage conditions resulted in increased acidity at month 3 in 

comparison to month 2.  The increased pH levels indicated an increase in the [OH-] 

concentration and a decrease of the [H+] concentration in the formulations during storage.  It is 

known that the pH level effects the ionisation of a drug, influencing the permeation in turn 

(Williams, 2003:38).  The unionised form of a weak acidic product will permeate the lipophilic 

stratum corneum bilayers more easily, while the opposite is true for the ionised form.  The 

increased hydroxyl groups can be attributed to degradation of the emulgels, confirming possible 

chemical instability.  All liposomal and niosomal emulgels containing the API did however 

remain in the acceptable pH range for transdermal delivery, with the lowest pH value measured 

at 3.82 and the highest at 6.46. 
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Table E.3: The average pH results of an emulgel containing roxithromycin encapsulated in 

liposomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH 9.65 ± 0.01 8.50 ± 0.02 8.22 ± 0.19 8.67 ± 0.02 

30°C/65% RH 9.65 ± 0.01 8.19 ± 0.08 8.41 ± 0.20 9.03 ± 0.05 

25°C/60% RH 9.65 ± 0.01 8.30 ± 0.11 8.65 ± 0.03 9.38 ± 0.10 

L-MH 

40°C/75% RH 6.20 ± 0.02 5.59 ± 0.13 4.65 ± 0.04 5.72 ± 0.10 

30°C/65% RH 6.20 ± 0.02 5.59 ± 0.30 4.88 ± 0.11 5.74 ± 0.10 

25°C/60% RH 6.20 ± 0.02 5.49 ± 0.08 4.85 ± 0.04 6.17 ± 0.03 

L-CS 

40°C/75% RH 6.46 ± 0.11 5.32 ± 0.03 4.61 ± 0.03 5.67 ± 0.12 

30°C/65% RH 6.46 ± 0.11 5.28 ± 0.05 4.61 ± 0.03 5.48 ± 0.08 

25°C/60% RH 6.46 ± 0.11 5.19 ± 0.04 4.71 ± 0.01 6.36 ± 0.19 

L-AH 

40°C/75% RH 6.15 ± 0.03 5.06 ± 0.05 4.34 ± 0.01 5.25 ± 0.10 

30°C/65% RH 6.15 ± 0.03 5.25 ± 0.14 4.42 ± 0.01 5.53 ± 0.07 

25°C/60% RH 6.15 ± 0.03 5.01 ± 0.03 4.46 ± 0.00 5.72 ± 0.07 

 

Table E.4: The average pH results of an emulgel containing roxithromycin encapsulated in 

niosomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH 7.46 ± 0.12 5.22 ± 0.01 4.64 ± 0.04 5.57 ± 0.08 

30°C/65% RH 7.46 ± 0.12 4.97 ± 0.01 4.51 ± 0.00 5.18 ± 0.04 

25°C/60% RH 7.46 ± 0.12 5.37 ± 0.13 5.88 ± 0.00 5.48 ± 0.01 

N-MH 

40°C/75% RH 5.37 ± 0.04 4.52 ± 0.02 4.02 ± 0.01 5.15 ± 0.01 

30°C/65% RH 5.37 ± 0.04 4.47 ± 0.01 3.82 ± 0.01 4.69 ± 0.05 

25°C/60% RH 5.37 ± 0.04 4.79 ± 0.14 3.93 ± 0.01 4.78 ± 0.01 

N-CS 

40°C/75% RH 5.68 ± 0.01 4.94 ± 0.01 4.42 ± 0.02 5.05 ± 0.01 

30°C/65% RH 5.68 ± 0.01 4.94 ± 0.04 4.45 ± 0.02 5.12 ± 0.05 

25°C/60% RH 5.68 ± 0.01 5.19 ± 0.03 4.45 ± 0.02 5.18 ± 0.04 

N-AH 

40°C/75% RH 5.76 ± 0.01 5.00 ± 0.01 4.46 ± 0.01 5.16 ± 0.02 

30°C/65% RH 5.76 ± 0.01 4.95 ± 0.01 4.42 ± 0.01 5.17 ± 0.03 

25°C/60% RH 5.76 ± 0.01 5.20 ± 0.01 4.51 ± 0.01 5.20 ± 0.01 

 

E.3.3 Viscosity 

Tables E.5 and E.6 indicated the average viscosity readings at monthly intervals over a period 

of three months.  A significant change in viscosity was observed over the three months, with 

fluctuating values observed for both the liposomal and niosomal emulgels.  It was observed 

there was no certain trend visible in the viscosity results over the three-month period.  Chemical 
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changes in the products due to chemical instability could have attributed to the fluctuation in 

viscosity results (Zatz et al., 1989:174).  The viscoelastic response of a product can be 

attributed to constrictions in the material, such as chemical cross-linking, which assists in 

confining the constituent molecules to their average positions in space (Douglas, 2018:1).  The 

fair amount of OH-groups between roxithromycin and Carbopol® (as stated in Section D.4.2.3) 

can thus be seen as the chemical constraints, which results in the firm gel matrix.  Factors such 

as high temperature influence the gel matrix by leading to broken Van der Waals forces 

between the molecules due to higher kinetic energy, which is also a probable reason for the 

fluctuation in viscosity results.  This can be confirmed by mass loss due to evaporation, which 

will be discussed in Section E.3.5.  The macroscopic results (discussed in Section E.3.7) also 

revealed that temperature and humidity influenced the viscosity of the emulgels. 

Table E.5: The average viscosity (cP) results of an emulgel containing roxithromycin 

encapsulated in liposomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH 
57030 ±  
2337.06 

24520 ±  
3205.81 

40690 ±  
7214.07 

24920 ±  
320.91 

30°C/65% RH 
57030 ±  
2337.06 

32780 ±  
3898.14 

60110 ±  
968.77 

27030 ±  
1288.51 

25°C/60% RH 
57030 ±  
2337.06 

26380 ±  
4578.57 

66270 ± 
472.09 

21200 ±  
494.33 

L-MH 

40°C/75% RH 
32060 ±  
6331.81 

29990 ±  
4517.44 

30200 ±  
6703.10 

35050 ±  
1027.78 

30°C/65% RH 
32060 ±  
6331.81 

43710 ±  
3756.29 

46660 ±  
5890.31 

15260 ±  
1278.01 

25°C/60% RH 
32060 ±  
6331.81 

35490 ±  
5907.24 

67170 ±  
7180.54 

18840 ±  
2768.29 

L-CS 

40°C/75% RH 
94890 ±  
3466.29 

96677 ±  
6551.25 

97238 ±  
15744.39 

84810 ±  
2094.85 

30°C/65% RH 
94890 ±  
3466.29 

77000 ±  
6151.12 

115383 ±  
4865.81 

70470 ±  
2837.01 

25°C/60% RH 
94890 ±  
3466.29 

67033 ±  
9158.60 

99085 ±  
10226.40 

90520 ±  
4515.67 

L-AH 

40°C/75% RH 
50230 ±  
1691.23 

88018 ±  
7164.57 

63320 ±  
8461.85 

85030 ±  
1878.27 

30°C/65% RH 
50230 ±  
1691.23 

75990 ±  
6277.47 

110992 ±  
6084.92 

73170 ±  
3169.59 

25°C/60% RH 
50230 ±  
1691.23 

83422 ±  
15789.9 

99803 ±  
7466.45 

107358 ±  
3674.10 
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Table E.6: The average viscosity (cP) results of an emulgel containing roxithromycin 

encapsulated in niosomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH 
7810 ±  
263.20 

24520 ±  
5474.99 

25730 ±  
6173.24 

34080 ±  
954.53  

30°C/65% RH 
7810 ±  
263.20 

15310 ±  
1429.47 

37640 ±  
1906.54 

19440 ±  
1361.50 

25°C/60% RH 
7810 ±  
263.20 

19910 ±  
1930.51 

23610 ±  
2111.04 

27040 ±  
993.95 

N-MH 

40°C/75% RH 
55450 ±  
1612.78 

28737 ±  
7021.04 

35890 ±  
11456.12 

28220 ±  
2647.84 

30°C/65% RH 
55450 ±  
1612.78 

41100 ±  
4380.64 

106583 ±  
7409.31 

29480 ±  
2918.98 

25°C/60% RH 
55450 ±  
1612.78 

42670 ±  
7817.09 

76480 ±  
3581.53 

18970 ±  
2440.81 

N-CS 

40°C/75% RH 
35180 ±  
1652.37 

44820 ±  
6105.65 

58270 ±  
7153.39 

28860 ±  
1444.09 

30°C/65% RH 
35180 ±  
1652.37 

42690 ±  
5690.75 

86310 ±  
8098.50 

15800 ±  
3006.47 

25°C/60% RH 
35180 ±  
1652.37 

42270 ±  
4458.13 

54240 ±  
7064.91 

41020 ±  
3885.69 

N-AH 

40°C/75% RH 
41620 ±  
2176.20 

52580 ±  
7607.01 

90280 ±  
4776.31 

35720 ±  
4120.97 

30°C/65% RH 
41620 ±  
2176.20 

45440 ±  
5951.66 

49640 ±  
5290.73 

26100 ±  
3586.70 

25°C/60% RH 
41620 ±  
2176.20 

36630 ±  
4306.68 

58110 ±  
4027.73 

35790 ±  
3533.24 

 

E.3.4 Zeta-potential 

The zeta-potential of a pharmaceutical product points to the determination of the stability, EE% 

and interaction with the skin (Bhatt & Madhav, 2011:2296; Klang et al., 2015:262; Silva et al., 

2012:860).  Zeta-potential values for the emulgel formulation fluctuated significantly over the 

three months testing period, as seen in Tables E.7 and E.8.  Subsequently the emulgels were 

viewed as unstable over the three months.  A highly positive or negative zeta-potential value 

indicates electrical stabilisation, while low values indicate possible coagulation or flocculation 

(Marianecci et al., 2013:75).  A zeta-potential value higher than + 30 mV or lower than - 30 mV 

indicates a stable formulation (Malvern Instruments, 2015:3).  Some emulgels had repulsive 

forces exceeding the attractive forces resulting in zeta-potential values lower than - 30 mV, 

indicating dispersed particles and deflocculated systems after the three months testing period 

(Roland et al., 2003:8).  The liposomal emulgels that did not meet the zeta-potential limits after 

the testing period were L-MH at 40°C/75% RH and 30°C/65% RH, and L-CS at all three storage 
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conditions.  The niosomal emulgels that did not meet the criteria were N-MH at 30°C/65% RH, 

N-CS at 40°C/75 RH and 25°C/60% RH, together with N-AH at 40°C/75% RH. 

Table E.7: The average zeta-potential (mV) results of an emulgel containing roxithromycin 

encapsulated in liposomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH -80.2 ± 2.39 -99.2 ± 3.07 -59.8 ± 0.87 -68.6 ± 1.27 

30°C/65% RH -80.2 ± 2.39 -68.6 ± 2.54 -70.4 ± 1.73 -64.8 ± 0.30 

25°C/60% RH -80.2 ± 2.39 -71.1 ± 3.91 -71.2 ± 0.91 -68.1 ± 1.32 

L-MH 

40°C/75% RH -63.4 ± 5.75 -64.1 ± 2.85 -18.4 ± 1.94 -7.1 ± 1.74 

30°C/65% RH -63.4 ± 5.75 -33.6 ± 0.85 -31.2 ± 4.82 -9.8 ± 0.95 

25°C/60% RH -63.4 ± 5.75 -48.5 ± 1.15 -23.7 ± 1.66 -42.0 ± 4.97 

L-CS 

40°C/75% RH -59.9 ± 3.74 -19.0 ± 2.50 -12.2 ± 0.81 -12.4 ± 1.68 

30°C/65% RH -59.9 ± 3.74 -34.4 ± 8.76 -62.5 ± 2.17 2.5 ± 7.67 

25°C/60% RH -59.9 ± 3.74 -42.4 ± 0.58 -12.8 ± 0.60 -18.0 ± 0.81 

L-AH 

40°C/75% RH -58.7 ± 2.71 -33.7 ± 3.61 -15.9 ± 4.96 -49.3 ± 0.15 

30°C/65% RH -58.7 ± 2.71 -49.6 ± 0.70 -50.4 ± 0.53 -42.1 ± 16.66 

25°C/60% RH -58.7 ± 2.71 -46.0 ± 1.73 -21.1 ± 2.29 -13.9 ± 2.80 

 

Table E.8: The average zeta-potential (mV) results of an emulgel containing roxithromycin 

encapsulated in niosomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH -104.0 ± 2.00 -92.2 ± 1.78 -59.5 ± 2.57 -46.1 ± 5.12 

30°C/65% RH -104.0 ± 2.00 -102.9 ± 2.87 -51.4 ± 3.67 -88.2 ± 0.26 

25°C/60% RH -104.0 ± 2.00 -94.2 ± 0.75 -54.7 ± 7.21 -68.2 ± 2.37 

N-MH 

40°C/75% RH -74.5 ± 1.53 -42.4 ± 3.00 -22.5 ± 0.62 -32.4 ± 0.87 

30°C/65% RH -74.5 ± 1.53 -39.5 ± 0.67 -37.1 ± 3.05 -17.1 ± 3.22 

25°C/60% RH -74.5 ± 1.53 -38.7 ± 1.18 -46.8 ± 0.75 -36.9 ± 10.23 

N-CS 

40°C/75% RH -78.9 ± 14.95 -39.1 ± 3.01 -32.6 ± 2.70 -21.5 ± 1.54 

30°C/65% RH -78.9 ± 14.95 -31.9 ± 2.06 -41.8 ± 1.40 -41.4 ± 0.81 

25°C/60% RH -78.9 ± 14.95 -38.3 ± 1.85 -44.0 ± 2.30 -28.4 ± 1.06 

N-AH 

40°C/75% RH -54.1 ± 10.77 -42.6 ± 0.60 -35.3 ± 0.52 -20.8 ± 1.12 

30°C/65% RH -54.1 ± 10.77 -36.1 ± 2.40 -41.8 ± 9.56 -31.3 ± 5.94 

25°C/60% RH -54.1 ± 10.77 -36.2 ± 0.95 -45.7 ± 3.59 -30.9 ± 1.42 
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E.3.5 Mass loss 

Tables E.9 and E.10 indicated the mass variation at monthly intervals over a period of three 

months.  A slight decrease in mass occurred for the different liposomal and niosomal emulgels, 

which could be attributed to evaporation during storage.  If evaporation did occur, it could also 

be a reason for the variation observed in pH and viscosity of the formulations.  All emulgels 

resulted in negligible mass loss, with L-AH at 40°C/75% RH resulting in the highest percentage 

loss for the liposomal emulgels with a 1.31% variation, and N-AH at 40°C/75% RH resulting the 

highest niosomal emulgel variation of 0.96%; the smallest mass loss was observed by L-CS at 

30°C/65% RH with a 0.05% variation from the initial value.  These results confirmed the storage 

containers used were suitable, resulting in minimal condensation. 

Table E.9: The average mass (g) of an emulgel containing roxithromycin encapsulated in 

liposomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH 
80.11 ±  
0.0003 

80.07 ±  
0.0111 

80.04 ±  
0.0002 

80.00 ±  
0.0003  

30°C/65% RH 
81.68 ±  
0.0002 

81.64 ±  
0.0002 

81.61 ±  
0.0002 

81.59 ±  
0.0007 

25°C/60% RH 
84.47 ±  
0.0002 

84.41 ±  
0.0002 

84.40 ±  
0.0005 

84.39 ±  
0.0002 

L-MH 

40°C/75% RH 
83.14 ±  
0.0005 

83.08 ±  
0.0002 

83.05 ±  
0.0001 

83.01 ±  
0.0003 

30°C/65% RH 
85.36 ±  
0.0004 

85.33 ±  
0.0002 

85.30 ±  
0.0002 

85.28 ±  
0.0009 

25°C/60% RH 
87.94 ±  
0.0004 

87.91 ±  
0.0005 

87.89 ±  
0.0002 

87.88 ±  
0.0003 

L-CS 

40°C/75% RH 
89.50 ±  
0.0002 

89.45 ±  
0.0130 

89.41 ±  
0.0002 

89.37 ±  
0.0007 

30°C/65% RH 
84.40 ±  
0.0004 

84.39 ±  
0.0003 

84.37 ±  
0.0001 

84.36 ±  
0.0005 

25°C/60% RH 
83.74 ±  
0.0001 

83.79 ±  
0.1560 

83.68 ±  
0.0001 

83.55 ±  
0.1911 

L-AH 

40°C/75% RH 
84.23 ±  
0.0004 

83.77 ±  
0.0002 

83.53 ±  
0.0001 

83.13 ±  
0.0003 

30°C/65% RH 
93.79 ±  
0.0009 

93.71 ±  
0.0001 

93.68 ±  
0.0002 

93.65 ±  
0.0006 

25°C/60% RH 
96.75 ±  
0.0007 

96.71 ±  
0.0005 

96.69 ±  
0.0001 

96.68 ±  
0.0002 
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Table E.10: The average mass (g) of an emulgel containing roxithromycin encapsulated in 

niosomes 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH 
86.52 ±  
0.0002 

86.50 ±  
0.0004 

86.48 ±  
0.0003 

86.45 ±  
0.0084  

30°C/65% RH 
86.09 ±  
0.0001 

86.06 ±  
0.0002 

86.03 ±  
0.0004 

86.00 ±  
0.0014 

25°C/60% RH 
86.47 ±  
0.0002 

86.43 ±  
0.0002 

86.41 ±  
0.0002 

86.39 ±  
0.0012 

N-MH 

40°C/75% RH 
82.54 ±  
0.0002 

82.47 ±  
0.0028 

82.45 ±  
0.0004 

82.41 ±  
0.0001 

30°C/65% RH 
83.77 ±  
0.0035 

83.56 ±  
0.0002 

83.42 ±  
0.0002 

83.28 ±  
0.0003 

25°C/60% RH 
85.75 ±  
0.0001 

85.64 ±  
0.0004 

85.61 ±  
0.0001 

85.58 ±  
0.0002 

N-CS 

40°C/75% RH 
77.48 ±  
0.0001 

77.37 ±  
0.0019 

77.28 ±  
0.0001 

77.20 ±  
0.0008 

30°C/65% RH 
79.32 ±  
0.0002 

79.17 ±  
0.0004 

79.07 ±  
0.0002 

79.01 ±  
0.0006 

25°C/60% RH 
80.45 ±  
0.0001 

80.32 ±  
0.0004 

80.28 ±  
0.0001 

80.25 ±  
0.0005 

N-AH 

40°C/75% RH 
82.18 ±  
0.0002 

81.79 ±  
0.0012 

81.54 ±  
0.0001 

81.39 ±  
0.0006 

30°C/65% RH 
84.41 ±  
0.0003 

84.10 ±  
0.0001 

83.86 ±  
0.0002 

83.65 ±  
0.0003 

25°C/60% RH 
86.12 ±  
0.0011 

85.72 ±  
0.0003 

85.66 ±  
0.0002 

85.61 ±  
0.0001 

 

E.3.6 Droplet size and distribution 

Tables E.11 to E.14 indicated the average droplet size and PdI at monthly intervals over a 

period of three months.  The PdI is an indication of droplet distribution (Shah et al., 2014:65); 

whereas a value nearing 1 indicates polydispersed droplets (Gaur et al., 2014:36).  From 

Tables E.12 and E.14, it is evident the samples analysed fluctuated significantly every month, 

with droplets in the emulgels ranging from monodispersed to very polydispersed.  Therefore, the 

droplet sizes also varied vastly each month.  It is possible that droplet aggregation occurred, or 

large sediments were present in the sample, which resulted in fluctuating results. 
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Table E.11: The average droplet size (d.nm) of liposomal emulgels 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH 
4418.73 ±  
1124.66 

3055.03 ±  
2392.01 

5444.60 ±  
62.21 

1754.57 ±  
2773.74 

30°C/65% RH 
4418.73 ±  
1124.66 

4293.33 ±  
5336.10 

158.51 ±  
15.65 

138.49 ±  
58.54 

25°C/60% RH 
4418.73 ±  
1124.66 

4802.53 ±  
627.71 

1823.30 ±  
2889.67 

1523.40 ±  
2429.91 

L-MH 

40°C/75% RH 
4962.23 ±  

64.28 
4079.11 ±  

461.30 
2791.79 ±  
1900.21 

1399.20 ±  
1219.09 

30°C/65% RH 
4962.23 ±  

64.28 
4958.07 ±  

234.74 
358.60 ±  
164.73 

3161.49 ±  
930.22 

25°C/60% RH 
4962.23 ±  

64.28 
4668.27 ±  

110.15 
3315.41 ±  
1214.12 

578.19 ±  
226.74 

L-CS 

40°C/75% RH 
186.20 ±  

12.33 
2620.70 ±  
2975.06 

719.55 ±  
285.59 

1232.53 ±  
1675.34 

30°C/65% RH 
186.20 ±  

12.33 
497.39 ±  
314.08 

3539.00 ±  
2619.56 

4896.80 ±  
633.02 

25°C/60% RH 
186.20 ±  

12.33 
887.29 ±  
157.16 

3263.33 ±  
488.08 

787.49 ±  
2092.53 

L-AH 

40°C/75% RH 
4855.53 ±  

207.85 
4581.81 ±  

696.43 
714.67 ±  
208.21 

224.57 ±  
18.07 

30°C/65% RH 
4855.53 ±  

207.85 
5911.13 ±  

454.15 
5112.83 ±  

254.39 
2935.59 ±  

416.07 

25°C/60% RH 
4855.53 ±  

207.85 
1867.46 ±  

562.26 
294.73 ±  

39.00 
145.39 ±  

39.64 

 

Table E.12: The average PdI of liposomal emulgels 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

L-PL 

40°C/75% RH 0.258 ± 0.01 0.285 ± 0.03 0.444 ± 0.06 0.191 ± 0.01 

30°C/65% RH 0.258 ± 0.01 0.345 ± 0.00 0.157 ± 0.01 0.143 ± 0.02 

25°C/60% RH 0.258 ± 0.01 0.374 ± 0.07 0.173 ± 0.01 0.278 ± 0.01 

L-MH 

40°C/75% RH 0.222 ± 0.01 1.000 ± 0.00 0.339 ± 0.02 0.362 ± 0.04 

30°C/65% RH 0.222 ± 0.01 0.686 ± 0.07 0.460 ± 0.01 0.343 ± 0.01 

25°C/60% RH 0.222 ± 0.01 0.694 ± 0.01 0.283 ± 0.03 0.648 ± 0.30 

L-CS 

40°C/75% RH 0.208 ± 0.01 0.847 ± 0.13 0.439 ± 0.02 0.469 ± 0.02 

30°C/65% RH 0.208 ± 0.01 0.797 ± 0.18 0.458 ± 0.10 0.301 ± 0.16 

25°C/60% RH 0.208 ± 0.01 0.432 ± 0.03 0.334 ± 0.14 0.570 ± 0.13 

L-AH 

40°C/75% RH 0.267 ± 0.02 0.778 ± 0.04 0.593 ± 0.07 0.210 ± 0.02 

30°C/65% RH 0.267 ± 0.02 0.648 ± 0.09 0.266 ± 0.03 0.365 ± 0.02 

25°C/60% RH 0.267 ± 0.02 0.818 ± 0.06 0.281 ± 0.06 0.415 ± 0.03 
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Table E.13: The average droplet size (d.nm) of niosomal emulgels 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH 
783.11 ±  

35.09 
4418.99 ±  
2204.26 

2818.70 ±  
1850.86 

3094.99 ±  
2382.05 

30°C/65% RH 
783.11 ±  

35.09 
1246.63 ±  

459.38 
3220.73 ±  
1470.17 

1676.71 ±  
961.40 

25°C/60% RH 
783.11 ±  

35.09 
995.33 ±  

59.36 
5703.95 ±  

601.33 
1507.37 ±  

673.67 

N-MH 

40°C/75% RH 
588.46 ±  
183.15 

3156.16 ±  
1897.56 

2835.43 ±  
2357.16 

1511.67 ±  
2391.21 

30°C/65% RH 
588.46 ±  
183.15 

4453.82 ±  
2897.01 

1628.83 ±  
2539.84 

2917.55 ±  
2466.58 

25°C/60% RH 
588.46 ±  
183.15 

4188.73 ±  
904.85 

1633.33 ±  
2535.00 

3382.53 ±  
2817.73 

N-CS 

40°C/75% RH 
1291.75 ±  

758.48 
5344.84 ±  

718.54 
3052.26 ±  
2546.46 

4158.18 ±  
2393.32 

30°C/65% RH 
1291.75 ±  

758.48 
5271.43 ±  

558.68 
1528.20 ±  
2441.17 

114.10 ±  
1.80 

25°C/60% RH 
1291.75 ±  

758.48 
5408.38 ±  

345.04 
1635.63 ±  
2667.36 

1593.23 ±  
2524.44 

N-AH 

40°C/75% RH 
235.01 ±  
171.41 

488.10 ±  
269.48 

1345.91 ±  
2182.92 

3426.33 ±  
1426.33 

30°C/65% RH 
235.01 ±  
171.41 

5442.88 ±  
750.50 

2670.45 ±  
2222.22 

82.60 ±  
4.52 

25°C/60% RH 
235.01 ±  
171.41 

2441.24 ±  
2387.58 

1555.51 ±  
2520.84 

82.92 ±  
3.09 

 

Table E.14: The average PdI of niosomal emulgels 

Emulgel 
Storage 

condition 

Initial 

(T0) 

Month 1 

(T1) 

Month 2 

(T2) 

Month 3 

(T3) 

N-PL 

40°C/75% RH 0.968 ± 0.03 0.914 ± 0.05 0.372 ± 0.14 0.326 ± 0.02 

30°C/65% RH 0.968 ± 0.03 0.798 ± 0.05 0.336 ± 0.01 0.749 ± 0.19 

25°C/60% RH 0.968 ± 0.03 0.882 ± 0.04 0.576 ± 0.16 0.599 ± 0.17 

N-MH 

40°C/75% RH 0.765 ± 0.04 0.601 ± 0.08 0.253 ± 0.01 0.254 ± 0.01 

30°C/65% RH 0.765 ± 0.04 0.650 ± 0.11 0.236 ± 0.03 0.209 ± 0.03 

25°C/60% RH 0.765 ± 0.04 0.346 ± 0.05 0.255 ± 0.04 0.347 ± 0.08 

N-CS 

40°C/75% RH 0.804 ± 0.07 0.428 ± 0.03 0.263 ± 0.02 0.227 ± 0.01 

30°C/65% RH 0.804 ± 0.07 0.747 ± 0.03 0.255 ± 0.01 0.120 ± 0.01 

25°C/60% RH 0.804 ± 0.07 0.498 ± 0.04 0.207 ± 0.02 0.259 ± 0.01 

N-AH 

40°C/75% RH 0.916 ± 0.15 0.805 ± 0.09 0.212 ± 0.03 0.240 ± 0.01 

30°C/65% RH 0.916 ± 0.15 0.689 ± 0.06 0.272 ± 0.01 0.134 ± 0.02 

25°C/60% RH 0.916 ± 0.15 0.398 ± 0.05 0.201 ± 0.02 0.156 ± 0.01 
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E.3.7 Physical assessment of samples 

The physical and visual observation results, including colour change, smell and feel, were 

reported in Tables E.15 to E.22 for the different liposomal emulgels and Tables E.23 to E.30 for 

the different niosomal emulgels.  The high temperature and humidity influenced the emulgels, 

affecting the colour and skin feel over the three months period.  The viscosity of the emulgels 

was also influenced by these accelerated test conditions, due to possible condensation or 

changes in chemical structures. 

The liposomal emulgels revealed the biggest physical change, which could be attributed to the 

PC included in the formulations.  High temperatures resulted in a colour change due to possible 

oxidation, and the distinctive PC odour also diminished over the 30-day period.  The L-MH 

emulgel was prone to signs of micro-bacterial contamination over the three-month testing 

period, especially for the samples stored at 25°C/60% RH and 30°C/65% RH.  The skin feel of 

most liposomal and niosomal emulgels containing API went from a thick jelly-like gel to a more 

spreadable emulgel, possibly due to disrupted Van der Waals forces.  Despite an uneven 

appearance of some liposomal and niosomal emulgels, the skin feel remained smooth and wet 

corresponding with the hydrogel base.  The niosomal emulgels did not result in any major colour 

or odour change, which could be attributed to the more stable ingredients used for the niosome 

preparation.  With regards to physical observation, the niosomal emulgels appeared more 

stable than their liposomal counterparts. 

Table E.15: Physical assessment results of the placebo liposomal emulgel 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour Light yellow 
Slightly darker 

yellow 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth but 

sticky 
Smooth but less 

sticky 
Smooth and 

thin 
No change 

from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No distinctive 

smell 
No change 

from T2 

30°C/65% RH 

Colour Light yellow 
No change from 

T0 
No change 

from T1 
Slightly 

darker yellow 

Skin feel 
Smooth but 

sticky 
Smooth and soft 

No change 
from T1 

Smooth and 
thin 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No distinctive 

smell 
No change 

from T2 

25°C/60% RH 

Colour Light yellow 
No change from 

T0 
No change 

from T1 
Slightly 

darker yellow 

Skin feel 
Smooth but 

sticky 
Smooth and thin 

No change 
from T1 

No change 
from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No distinctive 

smell 
No change 

from T2 
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Table E.16: Visual results of the placebo liposomal emulgel 
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Table E.17: Physical assessment results of the liposomal emulgel containing MH 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour Light yellow 
Slightly darker 

yellow 
Slightly darker 

yellow 
No change 

from T2 

Skin 
feel 

Smooth but 
sticky 

No change from 
T0 

No change 
from T1 

No change 
from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

30°C/65% RH 

Colour Light yellow 
Slightly lighter 

yellow 
No change 

from T1 
Slightly lighter 

yellow 

Skin 
feel 

Smooth but 
sticky 

Thick and 
uneven 

No change 
from T1 

No change 
from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

25°C/60% RH 

Colour Light yellow 
Slightly lighter 

yellow 
Slightly lighter 

yellow 
No change 

from T2 

Skin 
feel 

Smooth but 
sticky 

No change from 
T0 

Thick and 
uneven 

No change 
from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 
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Table E.18: Visual results of the liposomal emulgel containing MH 
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Table E.19: Physical assessment results of the liposomal emulgel containing CS 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour Light yellow Darker yellow 
No change 

from T1 
Slightly darker 

yellow 

Skin feel 
Smooth but 

sticky 
Thick and sticky 

No change 
from T1 

Thick and 
uneven 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

30°C/65% RH 

Colour Light yellow 
No change from 

T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth but 

sticky 
Thick and sticky 

No change 
from T1 

Thick and 
uneven 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

25°C/60% RH 

Colour Light yellow 
No change from 

T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth but 

sticky 
Thick and sticky 

No change 
from T1 

Thick and 
uneven 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 
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Table E.20: Visual results of the liposomal emulgel containing CS 
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Table E.21: Physical assessment results of the liposomal emulgel containing AH 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour 
Light 

yellow 
Darker yellow 

No change 
from T1 

No change 
from T2 

Skin feel 
Smooth 

but sticky 
No change from 

T0 
No change 

from T1 
No change 

from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

30°C/65% RH 

Colour 
Light 

yellow 
Slightly darker 

yellow 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth 

but sticky 
No change from 

T0 
No change 

from T1 
No change 

from T2 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 

25°C/60% RH 

Colour 
Light 

yellow 
No change from 

T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth 

but sticky 
No change from 

T0 
No change 

from T1 
Sticky and 

uneven 

Smell 
Distinctive 

smell 
Distinctive smell 

less notable 
No change 

from T1 
No distinctive 

smell 
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Table E.22: Visual results of the liposomal emulgel containing AH 
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Table E.23: Physical assessment results of the placebo niosomal emulgel 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

thin 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

30°C/65% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

thin 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

25°C/60% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

thin 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 
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Table E.24: Visual results of the placebo niosomal emulgel 
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Table E.25: Physical assessment results of the niosomal emulgel containing MH 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
Soft but 
uneven 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

30°C/65% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

25°C/60% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 
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Table E.26: Visual results of the niosomal emulgel containing MH 
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Table E.27: Physical assessment results of the niosomal emulgel containing CS 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour White 
No change 

from T0 
No change 

from T1 
Slightly 
darker 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
Soft but 
uneven 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

30°C/65% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

25°C/60% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 
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Table E.28: Visual results of the niosomal emulgel containing CS 
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Table E.29: Physical assessment results of the niosomal emulgel containing AH 

  T0 (Initial) T1 T2 T3 

40°C/75% RH 

Colour White 
No change 

from T0 
No change 

from T1 
Slightly 
darker 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
Soft but 
uneven 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

30°C/65% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 

25°C/60% RH 

Colour White 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Skin feel 
Smooth and 

soft 
No change 

from T0 
No change 

from T1 
No change 

from T2 

Smell 
No distinctive 

smell 
No change 

from T0 
No change 

from T1 
No change 

from T2 
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Table E.30: Visual results of the niosomal emulgel containing AH 

4
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%
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H
 

T0 T1 T2 T3 

    

3
0
°C

/6
5

%
 R

H
 

    

2
5
°C

/6
0

%
 R

H
 

    

 

E.4 Conclusion 

The formulated liposomal and niosomal emulgels containing different solid-state forms of 

roxithromycin underwent a three months accelerated stability test at different storage conditions, 

as endorsed by the ICH and SAHPRA, to determine product stability.  Some degradation 

pathways can be very complex and pharmaceutical products exposed to forced conditions may 

lead to the observation of unlikely decomposition products, which would not occur under normal 

circumstances.  However, information on these unlikely decomposition products can be very 

useful to predict real-time degradation, ensuring the development and validation of suitable 

analytical methods. 

The following assessments were performed monthly, concentration assay of the API, pH, 

viscosity, zeta-potential, mass loss, droplet size and visual appearance.  As seen from the 

results discussed, the emulgels did not result in satisfactory stability.  All assessments resulted 

in significant changes and possible degradation, which proved unsatisfactory.  The only 

exception for both formulations was the assessment of mass loss that revealed excellent 

stability.  The latter indicated that the choice of container was successful in limiting moisture 

absorption and evaporation.  The only improvement to be considered with regard to the storage 
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container was to store the liposomal emulgels in amber jars, due to possible oxidation leading to 

colour change. 

When considering all the stability parameters, the two vesicle emulgels did not meet the 

acceptance criteria and is therefore not suitable for manufacturing without improvement.  

Possible improvements to consider is to include preservatives in the emulgel formulations or to 

reconsider the gelling agent, since the OH-groups of the hydrogel base together with the OH-

groups of the API have an immense effect on viscosity and stability of the final products. 
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APPENDIX F 

DIFFUSION STUDIES OF ROXITHROMYCIN ENCAPSULATED IN VESICLES AND 

FORMULATED IN AN EMULGEL FOR TOPICAL DELIVERY 

F.1 Introduction 

The use of in vitro skin diffusion studies to assess skin permeability has evolved into an 

unparalleled research methodology, since transdermal drug delivery is advantageous in many 

ways when compared to other routes of drug administration.  Not only can diffusion studies 

provide in depth comprehension into the relationship between drug, formulation and skin 

interaction; but it is also valuable for quality control purposes of novel formulations (Ng et al., 

2010:210).  A topically applied antibiotic, such as roxithromycin, can decrease inflammation 

caused by bacteria accumulating in the pilosebaceous glands, located in the dermis, which 

causes to acne (Williams et al., 2012:164).  Franz-type diffusion studies are used to measure 

the success of transdermal delivery of an API.  Synthetic membranes or biological skin are 

usually employed to perform Franz-type diffusion studies; for this study membrane studies were 

performed using a synthetic polyvinylidene fluoride (PVDF) membrane to determine if the 

encapsulated roxithromycin was being released from the vesicles formulated into an emulgel.  

This was followed by biological skin diffusion studies and tape stripping to determine the 

success of API delivery through and into the skin, respectively. 

F.2 Methods 

F.2.1 HPLC analysis of the roxithromycin concentration 

To determine the amount of API diffused, the verified HPLC method as discussed in Appendix A 

was applied.  The receptor phase, skin and tape strip samples were all analysed with the use of 

the validated and verified HPLC method.  A Venusil XBP C18 reverse phase 150 x 4.6 mm 

column with a 5 µm particle size (Agela Technologies, Germany) was used together with an 

Agilent® 1100 Series HPLC system (Agilent Technologies, California).  A 0.01 M NH4H2PO4 

buffer solution mixed with methanol in the ratio 15:85 served as mobile phase (pH 7).  The 

mobile phase had a flow rate of 1 ml/min, and used an injection volume of 50 µl, with a set run 

time of 9 min and a detection wavelength of 205 nm.  A standard curve was determined before 

sample analysis from a standard solution that was prepared by dissolving 20 mg of API in a 

100 ml volumetric flask, which contained methanol.  For the skin studies, the standard solution 

was diluted by transferring 10 ml of the solution into a 100 ml volumetric flask and making it up 

to volume with methanol. 
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F.2.2 In vitro diffusion studies: vertical Franz cell method 

Any in vitro study should possess similar or identical conditions to in vivo study conditions, with 

closely monitored temperatures to ensure uninterrupted diffusion and subsequent results (Modi 

& Shah, 2015:1; Shahzad et al., 2015:2).  The vertical Franz cell method (Wiechers, 2008:24) 

was employed to perform in vitro release and diffusion studies to determine the release 

(membrane) or transdermal diffusion (skin) of roxithromycin solid-state forms from the vesicle 

transport systems formulated into an emulgel. 

F.2.2.1 Vertical Franz cell components 

The vertical Franz cell method is an effective in vitro study method to determine skin 

penetration; this method requires a synthetic membrane or skin sample to be positioned 

between a donor and receptor phase (Williams, 2013:683).  The vertical Franz cell diffusion 

method was used for membrane release studies, as well as skin diffusion studies as described 

in Sections F.2.2.4 and F.2.2.5.  The components of a vertical Franz cell are illustrated in 

Figure F.1. 

 

Figure F.1: Different components of a vertical Franz diffusion cell 

F.2.2.2 Preparation of the receptor phase 

A 0.06 M phosphate buffer solution (PBS) was used as the receptor phase.  The mixture was 

prepared by mixing 6.8 g monopotassium phosphate (KH2PO4) in 250 ml Milli-Q® water with 

1.5 g sodium hydroxide (NaOH) in 400 ml Milli-Q® water, made up to 1000 ml.  Since human 

blood presents with a pH of 7.4 in vivo, it consequently determined the pH of the PBS for the in 

vitro skin diffusion studies (OECD, 2011:29).  Before every experiment the receptor phase was 

pre-heated to 37 ± 3°C in a water bath, equivalent to human body temperature (Williams, 

2013:68). 

Sampling 
port 

Receptor phase 

Membrane/
skin 

Donor phase 
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F.2.2.3 Preparation of the donor phase 

The emulgel containing the liposome or niosome vesicle system encapsulating the different 

solid-state forms of roxithromycin, as described in Appendix D, was used as the donor phase.  

A placebo (vesicles containing no API) was used as the control group during the studies.  Ten 

Franz cells were used, each containing approximately 1 ml of the formulation, while two Franz 

cells contained 1 ml of the placebo.  The prepared samples were placed in a water bath at 

32 ± 3°C, equivalent to human skin surface temperature, 1 h before the experiment (Williams, 

2013:685). 

F.2.2.4 Membrane release studies method 

A membrane release study took place as follows: 

 The PBS, which served as the receptor phase, was placed in a water bath at 37 ± 3°C, 

1 h before the study to accurately represent the temperature of the blood in the human 

body. 

 The formulation, serving as the donor phase, was placed in another water bath at 

32 ± 3°C, 1 h before the study to accurately represent the temperature on the surface of 

the skin. 

 A thin layer of Dow Corning® high vacuum grease (Sigma-Aldrich, Germany) was 

applied to both the donor and receptor compartments. 

 A small magnetic stirring rod was placed into the receptor compartments before placing 

a PVDF (Pall® Life Sciences, United States of America) synthetic membrane with a pore 

size of 0.45 μm and 25 mm diameter between the receptor and the donor compartments 

(Figure F.2.a). 

 The sides of the Franz cells were sealed with vacuum grease to prevent leakage, and 

fastened with a horseshoe clamp (Figure F.2.b). 

 The receptor compartment was filled with 2 ml of heated PBS (pH 7.4) using a syringe 

and needle with a small tube attached to it. 

 When filled, it was visually inspected to ensure no air bubbles formed, and the PBS level 

was marked to notice any possible leakage or change of PBS level. 

 Each donor compartment was filled with 1 ml of the API vesicle preparation, and then 

covered with a piece of Parafilm® and a plastic cap to prevent any loss of the formulation 

during the experiment. 
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 The Franz cell stand with all the assembled Franz cells were placed in a Grant® water 

bath (Grant Instruments, United Kingdom) at a constant temperature of 37 ± 3°C on a 

Variomag® (United States of America) magnetic stirring plate (Figure F.2.c). 

 The entire receptor phase of every cell was extracted through the sampling port and 

refilled with fresh, preheated PBS (pH 7.4, 37°C) hourly, for 6 h.  Before the extraction 

took place, any change in the level of the PBS was noted. 

 Each Franz cell had its own marked syringe with a needle and tube to extract the PBS.  

The extracted contents of the receptor compartments were then placed into 

corresponding HPLC vials (Figure F.2.d) and analysed by means of HPLC, as discussed 

in Section F.2.1. 

 

Figure F.2: Diffusion study method: a) lightly greased receptor compartments of Franz cells 

with PVDF membranes; b) horseshoe clamp used to fasten Franz cell compartments; c) vertical 

Franz cells fully assembled and placed on a magnetic stirrer plate in the water bath and d) 

syringes with needles and tubes attached used for extraction of the receptor phase and marked 

HPLC vials 

  

a) 

d) c) 

b) 
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F.2.2.5 In vitro skin diffusion studies methods 

F.2.2.5.1 Skin ethics and collection 

Skin obtained from abdominoplasty of Caucasian females was used for the diffusion studies.  

Willing patients completed an informed consent form with a corresponding code assigned to the 

skin to ensure confidentiality.  The skin was collected from donor clinics and hospitals, and 

transported in a cooled icebox, whereafter it was frozen in a designated freezer at - 20°C in the 

Transdermal laboratory, North-West University, Potchefstroom Campus.  Approval for the study 

was awarded by the North-West University Health Research Ethics Committee (NWU-HREC) of 

the Faculty of Health Sciences (ethics number: NWU-00111-17-A1-02). 

F.2.2.5.2 Preparation of the skin 

After defrosting the skin, it was trimmed of all excess fat.  The skin was stretched and secured 

over a polystyrene block with the stratum corneum facing upwards.  The prepared skin was 

wiped clean with a paper towel, next a Zimmer™ electric dermatome (model 8821, United 

Kingdom) (Figure F.3.a) was used to acquire strips of dermatomed skin (about 400 µm).  The 

strips were placed onto Whatman® filter paper and allowed to dry (Figure F.3.b).  The skin was 

examined visually for any defects before cutting circles (Figure F.3.c).  The skin circles were 

wrapped in aluminium foil and stored in a Ziploc bag at - 20°C until needed.  Due to the limited 

amount of skin per donor, different donors had to be used for every separate study.  Skin 

samples were disposed of after six months.  All waste was disposed of according to the 

approved standard operating procedures (SOPs) of the laboratory (Ethics number: NWU-

00369-16-A1), which included the following SOPs: biological waste disposal 

(Pharmacen_SOP001_v02) and chemical, toxic and pharmaceutical waste disposal 

(Pharmacen_SOP002_v02). 

 

Figure F.3: Method of skin preparation: a) The Zimmer™ electric dermatome, b) dermatomed 

skin and c) prepared skin circles 

a) b) c) 
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F.2.2.5.3 Transdermal diffusion studies method 

The same method as discussed in Section F.2.2.4 was used, with the following exceptions: 

 Prepared skin samples were placed between the receptor and donor phase of the Franz 

cell, with the stratum corneum facing upwards, instead of the PVDF membranes.  The 

skin samples were analysed after tape-stripping (as discussed in Section F.2.2.5.4). 

 Only one extraction of the PBS in the receptor phase was made at 12 h, instead of 

6 hourly.  The PBS was analysed after extraction. 

F.2.2.5.4 Tape stripping method 

 

Figure F.4: Skin diffusion study: a) skin sample with the diffusion area visible, b) tape 

stripping, c) polytops containing tape strips (SCE) and skin pieces (ED) of a single Franz cell 

before adding methanol and, d) extracted methanol being filtered into a HPLC vial after 8 h 

Tape stripping took place as follows: 

 After the extraction of the receptor phase, the Franz cells were carefully disassembled.  

The skin circles were pinned on hardboard covered with glad wrap and Parafilm®. 

a) 

d) c) 

b) 
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 The visible diffusion area was dabbed with tissue paper to remove any excess donor 

phase (Figure F.4.a). 

 Sixteen pieces of 3 M Scotch® Magic™ tape were used per skin sample to remove the 

stratum corneum-epidermis (SCE).  This was done by placing the tape on the diffusion 

area and removing it and a gleaming appearance of the skin was an indication of 

complete removal.  The first tape was discarded to ensure all superficial donor phase 

was removed (Figure F.4.b). 

 The remaining 15 strips were placed in separate marked polytops containing 5 ml HPLC 

grade methanol after dabbing it on the skin to remove the SCE. 

 Next the diffusion area of the remaining skin (epidermis-dermis (ED)) was cut into 

smaller pieces and placed in separate marked polytops (Figure F.4.c); 5 ml HPLC grade 

methanol was added to every polytop. 

 The polytops containing both the skin (ED) and tapes (SCE) were placed in a refrigerator 

(2 – 5°C) for at least 8 h to give the API an opportunity to be extracted from the samples. 

 The methanol was removed and filtered into marked HPLC vials for analysis 

(Figure F.4.d). 

F.3 Physicochemical properties of roxithromycin solid-state forms 

F.3.1 Aqueous solubility 

Csongradi (2015:177-178) experimentally determined the solubility of MH in PBS (pH 7.4) as 

1.98 mg/ml at 32°C, since the receptor phase for diffusion studies consists of PBS.  Aucamp et 

al. (2013:26) determined the experimental peak solubility of MH as 0.035 mg/ml and 

0.235 mg/ml for AH in distilled water at 25°C, it can thus be concluded that other crystalline 

solid-state forms of roxithromycin can possibly improve the aqueous solubility. 

F.3.2 n-Octanol-buffer partition coefficient 

N’Da (2014:20786) and Williams (2013:677) described the importance of the log P value for 

successful transdermal delivery of an API, indicating the drug distribution between the lipophilic 

stratum corneum and the more hydrophilic regions of the epidermis and dermis.  Mixtures with a 

log P value of 1 to 3 are expected to easily diffuse across the skin (Khalid et al., 2016:129).  The 

predicted log P value of 2.9 (Drugbank, 2019), exceeded the experimental value reported as 1.7 

for roxithromycin (Sakdiset et al., 2017).  The log P value at a predetermined pH is referred to 

as the log D value; this value specifies whether an API can be delivered transdermally (N’Da, 
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2014:20786).  Roxithromycin proved to be lipophilic in nature, with a determined log D value of 

1.52 by Csongradi (2015:178) for roxithromycin MH. 

F.4 Results and discussion 

F.4.1 Membrane release studies results 

Membrane release studies were completed before performing skin diffusion studies, as it 

indicates whether the API is released from the encapsulated vesicles.  A total of six membrane 

release studies were performed, each containing a different emulgel sample serving as the 

donor phase. 

Figures F.5 to F.16 visualise the results obtained.  One Franz cell was discarded for the L-AH 

study due to signs of leakage.  Two figures per study are represented, with the first showing the 

average cumulative amount API release per area (µg/cm2) over a period of 6 h, whilst the 

second figure depicts the cumulative amount per area (µg/cm2) released for every individual 

Franz cell (FC). 
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Figure F.5: Average cumulative amount per area (µg/cm2) of roxithromycin from L-MH that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 10) 

 

Figure F.6: Cumulative amount per area (µg/cm2) of roxithromycin from L-MH that was 

released through the membranes of each individual Franz cell over 6 h (n = 10) 
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Figure F.7: Average cumulative amount per area (µg/cm2) of roxithromycin from L-CS that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 10) 

 

Figure F.8: Cumulative amount per area (µg/cm2) of roxithromycin from L-CS that was 

released through the membranes of each individual Franz cell over 6 h (n = 10) 
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Figure F.9: Average cumulative amount per area (µg/cm2) of roxithromycin from L-AH that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 9) 

 

Figure F.10: Cumulative amount per area (µg/cm2) of roxithromycin from L-AH that was 

released through the membranes of each individual Franz cell over 6 h (n = 9) 

y = 54.963x + 4.7116 
R² = 0.9991 

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5 6

A
v
e

ra
g

e
 c

u
m

u
la

ti
v
e

 a
m

o
u

n
t 

p
e
r 

a
re

a
 

(µ
g

/c
m

2
) 

Time (h) 

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6

C
u

m
u

la
ti

v
e

 a
m

o
u

n
t 

p
e
r 

a
re

a
 (

µ
g

/c
m

2
) 

Time (h) 

Ave flux

FC 1

FC 2

FC 3

FC 4

FC 5

FC 6

FC 7

FC 8

FC 9



 

172 
 

 

Figure F.11: Average cumulative amount per area (µg/cm2) of roxithromycin from N-MH that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 10) 

 

Figure F.12: Cumulative amount per area (µg/cm2) of roxithromycin from N-MH that was 

released through the membranes of each individual Franz cell over 6 h (n = 10) 
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Figure F.13: Average cumulative amount per area (µg/cm2) of roxithromycin from N-CS that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 10) 

 

Figure F.14: Cumulative amount per area (µg/cm2) of roxithromycin from N-CS that was 

released through the membranes of each individual Franz cell over 6 h (n = 10) 
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Figure F.15: Average cumulative amount per area (µg/cm2) of roxithromycin from N-AH that 

was released through the membranes to indicate the average flux from 3 – 6 h (n = 10) 

 

Figure F.16: Cumulative amount per area (µg/cm2) of roxithromycin from N-AH that was 

released through the membranes of each individual Franz cell over 6 h (n = 10) 
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Table F.1: The average flux (µg/cm2.h), average percentage released (%) and median flux 

of roxithromycin released through the membranes for the liposomal and niosomal emulgels after 

6 h (n = amount of Franz cells used) 

Emulgel n 
Average flux 
(µg/cm2.h) 

Average percentage 
released (%) 

Median flux 
(µg/cm2.h) 

L-MH 10 46.28 ± 6.44 2.49 ± 0.36 55.75 

L-CS 10 51.13 ± 9.38 3.08 ± 0.70 67.17 

L-AH 9 54.96 ± 4.81 2.19 ± 0.34 56.50 

N-MH 10 58.97 ± 8.11 2.87 ± 0.48 67.08 

N-CS 10 46.46 ± 7.78 2.45 ± 0.29 51.35 

N-AH 10 47.89 ± 7.11 1.76 ± 0.21 50.51 

 

The flux values (μg/cm2.h) of the liposomal and niosomal emulgels for each roxithromycin solid-

state were used to determine median flux values.  Median flux values present more accurate 

results than the average flux, since outliers and extremes are excluded, leaving the median 

unaffected (Dawson & Trapp, 2004).  Therefore, only median values will be discussed. 

It is evident from Table F.1 that the liposome and niosome formulations containing the different 

solid-state forms of roxithromycin had competing results during membrane release studies.  The 

highest median flux was achieved by L-CS (67.17 μg/cm2.h), and the lowest achieved by N-AH 

(50.51 μg/cm2.h).  The N-MH demonstrated a higher release than its liposomal counterpart, 

while L-CS and L-AH revealed increased release when compared to its niosomal counterpart.  

The reason why the liposomal formulations had a slightly better release rate can be attributed to 

the excipients used during formulation.  Various factors can influence transdermal and topical 

delivery, such as excipients used for vesicle formulations, as well as the solid-state properties.  

Higher flux values for membrane release studies were obtained during this study compared to 

previous studies, where niosome and liposome vesicles encapsulated the amorphous solid-

states of roxithromycin, as reported by Boshoff (2018) and Swart (2019).  A possible reason for 

better delivery is the type of formulation used; an emulgel would most likely possess better API 

delivery because of a longer contact time with the skin (Sah et al., 20:26).  The membrane 

release studies for the liposome, as well as niosome emulgels achieved their purpose of 

confirming that the encapsulated roxithromycin was being released from the vesicles.  It is 

notable to mention that the membrane study results will not necessarily correlate with results 

from the skin diffusion study. 
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Figure F.17: Box-plots indicating the flux (µg/cm2.h) of the liposomal and niosomal emulgels 

containing roxithromycin during the membrane release studies over 6 h 

F.4.2 In vitro skin diffusion studies results 

Skin diffusion studies can evaluate the correlation between the skin, skin permeation and API 

delivery system used (Ng et al., 2010:210).  Skin diffusion studies were conducted to determine 

the transdermal delivery of three solid-state forms of roxithromycin.  Ten cells containing the 

API formulation as donor phase were used for each study, with two additional cells containing 

the placebo to serve as the control group.  In total, six skin diffusion studies were performed, 

with each experiment having a different vesicle and form of roxithromycin encapsulated.  One 

Franz cell was discarded from the L-AH study due to signs of leakage. 

The amount per area diffused (μg/cm2) of the liposomal and niosomal emulgels for each 

roxithromycin solid-state were used to determine the median values.  To avoid outliers and 

extremes, only median flux values will be discussed.  The average flux does not provide for 

outliers and extremes, while the median flux is unaffected by them (Dawson & Trapp, 2004). 

The amount per area (µg/cm2) of roxithromycin that diffused through the skin of each Franz cells 

from the liposomal and niosomal emulgels during in vitro skin diffusion studies after 12 h is 

presented in Figures F.18 to F.23. 
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Figure F.18: The amount per area diffused (µg/cm2) of roxithromycin from L-MH after the 12 h 

diffusion study (n = 10) 

 

Figure F.19: The amount per area diffused (µg/cm2) of roxithromycin from L-CS after the 12 h 

diffusion study (n = 10) 
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Figure F.20: The amount per area diffused (µg/cm2) of roxithromycin from L-AH after the 12 h 

diffusion study (n = 9) 

 

Figure F.21: The amount per area diffused (µg/cm2) of roxithromycin from N-MH after the 12 h 

diffusion study (n = 10) 
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Figure F.22: The amount per area diffused (µg/cm2) of roxithromycin from N-CS after the 12 h 

diffusion study (n = 10) 

 

Figure F.23: The amount per area diffused (µg/cm2) of roxithromycin from N-AH after the 12 h 

diffusion study (n = 10) 
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Table F.2: The average percentage diffused (%), average amount per area diffused 

(µg/cm2) and median amount per area diffused of roxithromycin for the liposomal and niosomal 

emulgels found in the receptor phase (n = amount of Franz cells used) 

Emulgel n 
Average percentage 

diffused (%) 
Average amount per 

area diffused (µg/cm2) 
Median amount per 

area diffused (µg/cm2) 

L-MH 10 0.20 ± 0.15 29.72 ± 22.15 23.20 

L-CS 10 0.04 ± 0.03 4.57 ± 3.48 3.46 

L-AH 9 0.03 ± 0.01 4.42 ± 2.21 4.27 

N-MH 10 0.01 ± 0.01 1.22 ± 1.57 0.58 

N-CS 10 0.06 ± 0.03 7.44 ± 4.34 7.94 

N-AH 10 0.03 ± 0.01 4.54 ± 2.01 4.46 

 

 

Figure F.24: Box-plot indicating the mean and median amount per area diffused (µg/cm2) for 

roxithromycin in the liposomal and niosomal emulgels after 12 h 

It can be seen from the results that very small amounts of API were delivered to the receptor 

phase, representative of transdermal diffusion.  When the vesicle emulgels (liposomal and 

niosomal emulgels) were compared, it was detected that L-MH had the highest median amount 

per area diffused, followed by L-CS, and lastly, L-AH for the liposomal emulgels, while for the 

niosomal emulgels, N-CS had the highest median amount per area diffused, followed by N-AH, 

and lastly, N-MH. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared, it was 
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and lastly, N-MH).  Hence, the liposomal emulgels increased the transdermal delivery of the 

MH, rather than the other two solid-state forms of roxithromycin, while the opposite for the 

niosomal emulgels was true.  The different physicochemical characteristics of the different types 

of vesicle delivery systems, as well as the excipients used for vesicle composition influenced 

API delivery (Honeywell-Nguyen & Bouwstra, 2005:68).  Therefore, the poor delivery to the 

receptor phase can be attributed to the vesicle systems used in the emulgel formulations.  The 

different excipients used, such as PC in liposomes and Span® 60 in niosomes, possibly 

influenced API delivery, seeing as the additional phospholipids could have resulted in an extra 

barrier on the surface of the skin, leading to slow release of the API from the vesicles 

(Kirjavainen et al., 1999:285; Sakdiset et al., 2018:63).  Given that the target-site for the API 

delivery during this study was the dermis, the poor transdermal delivery was a favoured 

outcome, because systemic effects and toxicity would be minimal. 

F.4.3 Tape stripping results 

Tape stripping provides a good indication of possible topical delivery of an API.  By removing 

the stratum corneum from the skin, the amount of API present in the skin layers can be 

determined (Ademola, 1997:532; Surber et al., 1999:395).  To determine if the encapsulated 

roxithromycin was successfully released into the skin from the emulgel formulations, tape-

stripping was performed.  If the API resided in the dermis, the target-site would be reached, 

resulting in successful topical delivery.  The tape stripping results are divided firstly into delivery 

to the SCE and secondly, delivery to the ED.  The concentration (µg/ml) of the roxithromycin 

that was delivered topically (SCE and ED) from the emulgels is presented in Figures F.25 to 

F.36. 
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F.4.3.1 Stratum corneum-epidermis 

 

Figure F.25: Roxithromycin concentration (µg/ml) from the L-MH present in the SCE (n = 10) 

 

Figure F.26: Roxithromycin concentration (µg/ml) from the L-CS present in the SCE (n = 10) 
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Figure F.27: Roxithromycin concentration (µg/ml) from the L-AH present in the SCE (n = 9) 

 

Figure F.28: Roxithromycin concentration (µg/ml) from the N-MH present in the SCE (n = 10) 
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Figure F.29: Roxithromycin concentration (µg/ml) from the N-CS present in the SCE (n = 10) 

 

Figure F.30: Roxithromycin concentration (µg/ml) from the N-AH present in the SCE (n = 10) 
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Table F.3: The average and median concentration (µg/ml) of roxithromycin present in the 

SCE after tape stripping (n = amount of Franz cells used) 

Emulgel n 
Average concentration in the 

SCE (µg/ml) 
Median concentration in the 

SCE (µg/ml) 

L-MH 10 22.52 ± 2.42 23.30 

L-CS 10 13.33 ± 2.19 12.96 

L-AH 9 208.52 ± 73.14 220.58 

N-MH 10 46.14 ± 13.08 46.43 

N-CS 10 1.36 ± 0.39 1.30 

N-AH 10 37.51 ± 3.71 37.52 

 

When the vesicle emulgels (liposomal and niosomal emulgels) were compared, it was observed 

that L-AH resulted in an exceptional high stratum corneum delivery (220.58 µg/ml), in contrast 

to L-MH and L-CS with a median concentration of 23.30 µg/ml and 12.96 µg/ml, respectively.  

For the niosomal emulgels, N-MH resulted in the highest stratum corneum delivery 

(46.43 µg/ml), followed by N-AH (37.52 µg/ml) and lastly, N-CS (1.30 µg/ml).  All the liposomal 

and niosomal emulgels resulted in median concentrations above the LOD (0.75 µg/ml) and LOQ 

(2.51 µg/ml), with only N-CS resulting in a value below the LOQ. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared (from 

the highest to lowest concentration: L-AH; N-MH; N-AH; L-MH; L-CS and lastly and N-CS), it 

was evident that the CS solid-state form of roxithromycin resulted in the lowest stratum corneum 

delivery.  It is known that the stratum corneum acts as a rate-limiting hindrance for drug delivery 

due to the numerous protein and lipid layers (Barry, 2001:101; Williams, 2013:680).  It was 

observed that AH permeated effortlessly in the SCE from the liposomal vesicles in contrast to 

niosomal vesicles.  PC, which is used in liposome preparation, has the ability to penetrate 

intercellular lipids of the stratum corneum (Montenegro et al., 2006:137), influencing the barrier 

function and possibly enhancing the penetration of AH.  MH however, permeated with more 

ease into the SCE from the niosomal vesicles rather than the liposomal vesicles.  It is possible 

that API delivery is more dependent on the excipients used for vesicle preparation than the 

solid-state form.  Highly lipid-soluble excipients used for liposome and niosome preparation, 

such as cholesterol, would cause the vesicles to have more difficulty crossing the aqueous 

region.  As the effect of surfactants, such as PC and Span®, are extremely complex in biological 

systems, it is possible for the permeation of the APIs to vary extensively (Som et al., 2012:3). 

  



 

186 
 

F.4.3.2 Concentration in epidermis-dermis 

 

Figure F.31: Roxithromycin concentration (µg/ml) from the L-MH present in the ED (n = 10) 

 

Figure F.32: Roxithromycin concentration (µg/ml) from the L-CS present in the ED (n = 10) 
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Figure F.33: Roxithromycin concentration (µg/ml) from the L-AH present in the ED (n = 9) 

 

Figure F.34: Roxithromycin concentration (µg/ml) from the N-MH present in the ED (n = 10) 
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Figure F.35: Roxithromycin concentration (µg/ml) from the N-CS present in the ED (n = 10) 

 

Figure F.36: Roxithromycin concentration (µg/ml) from the N-AH present in the ED (n = 10) 
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Table F.4: The average and median concentration (µg/ml) of roxithromycin present in the 

ED after tape stripping (n = amount of Franz cells used) 

Emulgel n 
Average concentration in the 

ED (µg/ml) 
Median concentration in the ED 

(µg/ml) 

L-MH 10 23.10 ± 7.64 23.18 

L-CS 10 25.97 ± 8.51 22.92 

L-AH 9 19.46 ± 7.38 15.58 

N-MH 10 0.90 ± 0.56 0.86 

N-CS 10 50.18 ± 15.59 50.54 

N-AH 10 1.27 ± 1.44 0.81 

 

When the vesicle emulgels (liposomal and niosomal emulgels) were compared, it was seen that 

L-MH resulted in the highest ED delivery (23.18 µg/ml), followed by L-CS (22.92 µg/ml) and 

lastly, L-AH (15.58 µg/ml).  For the niosomal emulgels, N-CS resulted in the highest ED delivery 

with a median concentration of 50.54 µg/ml.  N-AH resulted in the lowest ED delivery 

(0.81 µg/ml), and N-MH also achieved a low median concentration (0.86 µg/ml).  All liposomal 

emulgels and N-CS resulted in a median concentration above the LOD (0.75 µg/ml) and LOQ 

(2.51 µg/ml) for ED delivery.  N-MH and N-AH achieved a value above the LOD, but below the 

LOQ. 

When the different solid-state forms of roxithromycin (MH, CS and AH) were compared, delivery 

to the epidermis layer ranked from the highest to the lowest concentration as follows: N-CS;  

L-MH; L-CS; L-AH; N-MH and N-AH.  It can be observed that the type of vesicle influenced 

topical delivery.  The rendered amorphous forms conceivably increased the bioavailability of the 

API (Aucamp et al., 2012:467; Aucamp et al., 2013:18) and the vesicle composition contributed 

to successful ED delivery.  CS performed much better when encapsulated in niosomes than 

liposomes, while MH and AH had much higher ED delivery for liposome vesicles than niosome 

vesicles.  It is possible that the highly lipophilic N-MH and N-AH had a greater affinity for the 

various stratum corneum lipids due to the lipophilic excipients, cholesterol and Span®, leading to 

a longer retention time in the SCE layer resulting in poor diffusion to the highly hydrophilic ED 

layer.  N-MH and N-AH therefore cannot be considered as successful candidates for ED 

delivery. 
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Figure F.37: Box-plot indicating the mean and median concentration (µg/ml) of the liposomal 

emulgels for roxithromycin present in the SCE and ED 

 

Figure F.38: Box-plot indicating the mean and median concentration (µg/ml) of the niosomal 

emulgels for roxithromycin present in the SCE and ED 

F.5 Statistical data analysis 

Statistical methods, such as the analysis of variance (ANOVA), Turkey’s honest significance 

difference (HSD) and t-tests, were performed on the data obtained from diffusion studies.  
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Results of statistical tests were evaluated with p-values (Consonni & Bertazzi, 2017:328).  p-

Values obtained for each effect smaller than 0.05, indicated a statistical significant effect 

according to Concato and Hartigan (2016:1166).  Logarithm transformation can be performed in 

advance on data reflecting non-normal distribution (Hamada, 2018:16).  A null hypothesis 

should be suggested before conducting any statistical analysis (McCluskey & Lalkhen, 

2007:209).  Under the null hypothesis, the equality of the group means obtained can be equal or 

superior to what was truly observed, which is defined as the p-value. 

The six roxithromycin emulgels were compared during membrane diffusion studies in terms of 

the respective emulgel formula (liposome or niosome dispersions) and the respective solid-

states of roxithromycin.  For the skin diffusion studies, data was also compared with regard to 

the emulgel formulas and the respective solid-states, with the exception of tape stripping data, 

which was compared in terms of the SCE and ED, in combination with the separate emulgel 

formulas and solid-states. 

F.5.1 Statistical analysis of membrane release studies 

The two-way ANOVA performed on the effect of the emulgels (liposomal and niosomal) and 

effect of the API form (MH, CS and AH) yielded a highly significant interaction between the two 

types of emulgels and three API forms (F(2, 53) = 7.23 (p = 0.002)). 

 

Figure F.39: Means of emulgels containing liposomal and niosomal vesicles capturing the API 

forms: MH, CS and AH, with standard errors 
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emulgels.  The results of the liposomal formulas (Table F.5) reported that all p-values were 

bigger than the desired level of significance 0.05; thus, they were not of interest.  The niosomal 

formulas (Table F.6) resulted in statistical significant p-values (i.e. smaller than 0.05) between 

N-MH and N-CS, as well as between N-MH and N-AH and vice versa. 

Table F.5: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states liposomal emulgel formulas 

API MH CS AH 

MH  0.324 0.909 

CS 0.324  0.600 

AH 0.909 0.600  

 

Table F.6: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states niosomal emulgel formulas 

API MH CS AH 

MH  0.002 0.001 

CS 0.002  0.996 

AH 0.001 0.996  

 

T-tests for independent groups, corrected for heterogeneity of variances, were performed on the 

separate API forms of every emulgel formula.  The current effect obtained for the MH group 

could be reported as t(15.70) = -2.42 (p = 0.03), for the CS group as t(11.95) = 2.27 (p = 0.04) 

and for the AH group as t(15.68) = 1.96 (p = 0.07).  Thus, a significant difference on a 0.05 level 

was reported for MH and CS, with AH rendering no significant difference between the means of 

the two emulgels.  Since deviation from normality occurred and could have an effect on the 

aforementioned results, these latter results were confirmed by performing the Mann-Whitney U 

nonparametric test, which reported the p-values for MH as 0.05, for CS as 0.03 and for AH as 

0.08. 

F.5.2 Statistical analysis of transdermal delivery 

The in vitro skin diffusion study results were statistically analysed by means of an ANOVA test,  

t-tests and Tukey’s HSD post-hoc test. 

Logarithmic transformation was done in advance to produce near to normal distribution, since 

statistical data reflected biased distribution.  The two-way ANOVA performed on the 

transdermal delivery results on the effect of the emulgels (liposomal and niosomal) and the API 

forms (MH, CS and AH) yielded a highly significant interaction between the two types of 

formulas (F(2.53) = 41.39 (p < 0.001)). 
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Figure F.40: ANOVA statistical results of transdermal delivery for liposomal and niosomal 

emulgels including standard errors 

Due to the significant interaction and no substantial deviation from normality and homogeneity 

of variances, Tukey’s HSD tests were performed to test the significance of pairwise differences 

between the three means of the roxithromycin solid-state forms, for each of the liposomal and 

niosomal emulgels.  The results of the liposomal formulas (Table F.7) reported p-values for L-

MH and L-CS, as well as L-MH and L-AH, and vice versa, were highly significant (bigger than 

0.05).  The niosomal formulas (Table F.8) also resulted in highly significant p-values for N-MH 

and N-CS, as well as N-MH and N-AH. 

Table F.7: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states liposomal emulgel formulas 

API MH CS AH 

MH  0.0001 0.0002 

CS 0.0001  0.5048 

AH 0.0002 0.5048  

 

Table F.8: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states niosomal emulgel formulas 

API MH CS AH 

MH  0.0001 0.0002 

CS 0.0001  0.9591 

AH 0.0002 0.9591  
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T-tests for independent groups, corrected for heterogeneity of variances, were performed on the 

separate API forms of every emulgel formula.  The current effect obtained for the MH group can 

be reported as t(13.14) = -9.03 (p = 0.000001), for the CS group as t(16.67) = 1.72 

(p = 0.10447) and for the AH group as t(13.85) = 0.36 (p = 0.72687).  Thus, a highly statistically 

significant p-value was reported for MH, while CS and AH rendered insignificant p-values. 

F.5.3 Statistical analysis of topical delivery 

 

Figure F.41: ANOVA statistical results of SCE delivery for liposomal and niosomal emulgels 

including standard errors 

 

Figure F.42: ANOVA statistical results of ED delivery for liposomal and niosomal emulgels 

including standard errors 
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The three-way ANOVA test performed on the effects of the emulgels (liposomal and niosomal), 

effects of the API form (MH, CS and AH) and effect of different skin layers (SCE and ED), 

yielded an extremely statistically significant interaction between the liposomal and niosomal 

emulgels, the three API forms and the two skin layers (F(2, 106) = 52.96 (p < 0.001)). 

Due to the significant interaction and no substantial deviation from normality and homogeneity 

of variances, Tukey’s HSD tests were performed to test the significance of pairwise differences 

between the three means of roxithromycin solid-state forms, for each of the liposomal and 

niosomal emulgels. 

Table F.9: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states liposomal emulgel formulas for the SCE skin layer 

API MH CS AH 

MH  0.8692 0.0001 

CS 0.8692  0.0001 

AH 0.0001 0.0001  

 

Table F.10: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states liposomal emulgel formulas for the ED skin layer 

API MH CS AH 

MH  0.6975 0.5935 

CS 0.6975  0.2041 

AH 0.5935 0.2041  

 

The results of the liposomal formulas (Table F.9) reported that highly significant p-values 

(bigger than 0.05) for L-MH and L-AH, as well as L-CS and L-AH were obtained for the SCE 

skin layer.  For the ED delivery, no significant p-values were obtained (Table F.10). 

Table F.11: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states niosomal emulgel formulas for the SCE skin layer 

API MH CS AH 

MH  0.0001 0.0526 

CS 0.0001  0.0001 

AH 0.0526 0.0001  

 

  



 

196 
 

Table F.12: Tukey’s HSD post-hoc test p-values for the pairwise differences in the three solid-

states niosomal emulgel formulas for the ED skin layer 

API MH CS AH 

MH  0.0001 0.9956 

CS 0.0001  0.0001 

AH 0.9956 0.0001  

 

The results of the niosomal formulas (Table F.11) reported that highly significant p-values 

(bigger than 0.05) for N-MH and N-CS, as well as N-CS and N-AH were obtained for the SCE 

skin layer.  For the ED delivery, highly significant p-values were obtained for N-MH and N-CS, 

as well as N-CS and N-AH (Table F.12). 

T-tests for independent groups, corrected for heterogeneity of variances, were performed on the 

separate APIs of every emulgel formula, as well as the skin layers.  The current effect obtained 

for the MH group for the SCE results can be reported as t(9.62) = 5.61 (p = 0.0003) and for the 

ED as t(9.10) = -9.17 (p = 0.000007).  For the CS group, the SCE results can be reported as 

t(9.57) = -17.01 (p = 0.000000) and the ED results as t(13.93) = 4.31 (p = 0.0007).  For the AH 

group the SCE results can be reported as t(8.04) = -7.01 (p = 0.0001) and the ED results as 

t(8.55) = -7.27 (p = 0.00006).  Thus, a significant difference on a 0.05 level was reported for 

MH, CS and AH between the means of the two emulgel formulas in both the SCE and ED skin 

layers.  Ranking from the most significant difference to the least significant on a 0.05 level as 

follows: SCE-CS > ED-MH > ED-AH > ED-CS > SCE-MH > SCE-AH. 

T-tests were also performed on the liposomal and niosomal dispersions with regard to the 

separate API forms of every emulgel formula.  The current effect obtained for the L-MH group 

can be reported as t(10.79) = -0.23 (p = 0.082).  For the L-CS group, it can be reported as 

t(10.19) = -4.55 (p = 0.001).  For the L-AH group the results can be reported as t(8.16) = 7.72 

(p = 0.00005).  The current effect obtained for the N-MH group can be reported as 

t(9.033) = 10.92 (p = 0.000002).  For the N-CS group, it can be reported as t(9.01) = -9.90 

(p = 0.000004).  For the N-AH group the results can be reported as t(11.66) = 28.79 

(p = 0.000000).  Thus, a significant difference on a 0.05 level was reported for L-CS, L-AH, N-

MH, N-CS and N-AH between the means of the two emulgel formulas.  Ranking from the most 

significant difference to the least significant on a 0.05 level was as follows: N-AH > N-CS >  

N-MH > L-AH > L-CS > L-MH. 

F.6 Conclusion 

The target-site for API delivery was the epidermis-dermis skin layer, as this is where P. acnes 

collects in sebaceous glands leading to acne (Gollnick, 2003:1581, 1585).  It was observed 



 

197 
 

during membrane release studies that the API encapsulated in vesicle systems and formulated 

into an emulgel successfully released into the receptor compartment, with the liposomal and 

niosomal vesicle systems achieving corresponding results.  The conclusion could thus be made, 

since the APIs were released, to continue with skin diffusion studies and tape stripping to study 

if the API would diffuse through the skin or into the different skin layers. 

The targeted topical delivery proved successful during skin diffusion studies, as there was little 

transdermal API delivered (as seen in Table F.2), with bigger traces of roxithromycin found in 

the skin layers.  The SCE results, as seen in Table F.3, indicated that roxithromycin permeated 

the outer skin layer from the liposomal and niosomal emulgels.  The six emulgels containing the 

vesicle systems were able to deliver the API into deeper skin layers (ED); N-MH and N-AH 

resulted in values lower than the LOQ, making them less ideal for the intended use of the 

emulgel.  It was evident that AH had the lowest ED delivery for both the liposomal and niosomal 

emulgels, whilst CS revealed the lowest SCE delivery and the highest ED delivery for both the 

liposomal and niosomal emulgels, suggesting that this solid-state form of roxithromycin had the 

most favourable physicochemical properties to reach the target-site when included in an ASD.  

It is important to remember that the selected excipients during formulation play a significant role 

in the outcome of topical delivery.  Considering the target-site, N-CS was the best contender for 

the topical treatment of acne resulting in the highest ED delivery.  It can be concluded that an 

emulgel containing roxithromycin entrapped in either the liposomal or niosomal emulgel can 

successfully serve as a novel acne treatment. 
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APPENDIX G 
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Introduction 

The International Journal of Pharmaceutics publishes innovative papers, reviews, mini-reviews, 

rapid communications and notes dealing with physical, chemical, biological, microbiological and 

engineering studies related to the conception, design, production, characterisation and 

evaluation of drug delivery systems in vitro and in vivo.  "Drug" is defined as any therapeutic or 

diagnostic entity, including oligonucleotides, gene constructs and radiopharmaceuticals.  Areas 

of particular interest include: pharmaceutical nanotechnology; physical pharmacy; polymer 

chemistry and physical chemistry as applied to pharmaceutics; excipient function and 

characterisation; biopharmaceutics; absorption mechanisms; membrane function and transport; 

novel routes and modes of delivery; responsive delivery systems, feedback and control 

mechanisms including biosensors; applications of cell and molecular biology to drug delivery; 

prodrug design; bioadhesion (carrier-ligand interactions); and biotechnology (protein and 

peptide formulation and delivery). 

Note: For details on pharmaceutical nanotechnology, see Editorials in 279/1-2 281/1, and 288/1. 

Types of paper 

(1) Full Length Manuscripts 

(2) Rapid Communications 

a. These articles should not exceed 1500 words or equivalent space. 

b. Figures should not be included otherwise delay in publication will be incurred. 

c. Do not subdivide the text into sections.  An Abstract should be included as well as a full 

reference list. 

(3) Notes 

Should be prepared as described for full length manuscripts, except for the following: 

a. The maximum length should be 1500 words, including figures and tables. 

b. Do not subdivide the text into sections.  An Abstract and reference list should be 

included. 
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(4) Reviews and Mini-Reviews 

Suggestions for review articles will be considered by the Review-Editor.  "Mini-reviews" of a 

topic are especially welcome. 

Before you begin 

Ethics in publishing 

Please see our information pages on Ethics in publishing and Ethical guidelines for journal 

publication see https://www.elsevier.com/editors/publishing-ethics and https://www.elsevier. 

com/authors/journal-authors/policies-and-ethics. 

Human and animal rights 

If the work involves the use of human subjects, the author should ensure that the work 

described has been carried out in accordance with The Code of Ethics of the World Medical 

Association (Declaration of Helsinki) (see http://www.wma.net/en/30publications/10policies/ 

b3/index.html) for experiments involving humans; Uniform Requirements for manuscripts 

submitted to Biomedical journals (see http://www.icmje.org/).  Authors should include a 

statement in the manuscript that informed consent was obtained for experimentation with 

human subjects.  The privacy rights of human subjects must always be observed.  All animal 

experiments should comply with the ARRIVE guidelines (found on 

http://www.nc3rs.org.uk/arrive-guidelines) and should be carried out in accordance with the U.K. 

Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU 

for animal experiments (http://ec.europa.eu/environment/ 

chemicals/lab_animals/legislation_ en.htm), or the National Institutes of Health guide for the 

care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors 

should clearly indicate in the manuscript that such guidelines have been followed. 
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has been accepted for publication and which typically includes author-incorporated changes 

suggested during submission, peer review and in editor-author communications.  Embargo 

period:  For subscription articles, an appropriate amount of time is needed for journals to deliver 

value to subscribing customers before an article becomes freely available to the public.  This is 

the embargo period and it begins from the date the article is formally published online in its final 

and fully citable form. 

This journal has an embargo period of 12 months. 

Elsevier Publishing Campus 

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering 

free lectures, interactive training and professional advice to support you in publishing your 
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research.  The College of Skills training offers modules on how to prepare, write and structure 

your article and explains how editors will look at your paper when it is submitted for publication.  

Use these resources, and more, to ensure that your submission will be the best that you can 

make it. 

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a mixture 

of these).  Authors who feel their English language manuscript may require editing to eliminate 

possible grammatical or spelling errors and to conform to correct scientific English may wish to 

use the English Language Editing service available from Elsevier's WebShop (http://webshop. 

elsevier.com/languageservices/languageediting/). 

Submission 

Our online submission system guides you stepwise through the process of entering your article 

details and uploading your files.  The system converts your article files to a single PDF file used 

in the peer-review process.  Editable files (e.g., Word, LaTeX) are required to typeset your 

article for final publication.  All correspondence, including notification of the Editor's decision and 

requests for revision, is sent by e-mail. 

Authors must state in a covering letter when submitting papers for publication the 

novelty embodied in their work or in the approach taken in their research. 

Routine bioequivalence studies are unlikely to find favour.  No paper will be published which 

does not disclose fully the nature of the formulation used or details of materials which are key to 

the performance of a product, drug or excipient.  Work which is predictable in outcome, for 

example the inclusion of another drug in a cyclodextrin to yield enhanced dissolution, will not be 

published unless it provides new insight into fundamental principles. 

Note: 

The choice of general classifications such as "drug delivery" or "formulation" are rarely helpful 

when not used together with a more specific classification. 

Referees 

Please submit, with the manuscript, the names, addresses and e-mail addresses of at least four 

potential reviewers.  Good suggestions lead to faster processing of your paper.  Please note: 

Reviewers who do not have an institutional e-mail address will only be considered if their 

affiliations are given and can be verified.  Please ensure that the e-mail addresses are current.  

International reviewers who have recently published in the appropriate field should be 
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nominated, and their areas of expertise must be stated clearly.  Note that the editor retains the 

sole right to decide whether or not the suggested reviewers are contacted.  To aid the editorial 

process when suggested reviewers are not chosen or decline to review, ensure that the 

classifications chosen as the field of your paper are as detailed as possible.  It is not sufficient to 

state "drug delivery" or "nanotechnology" etc. 

Preparation 

Use of word processing software 

It is important that the file be saved in the native format of the word processor used.  The text 

should be in single-column format.  Keep the layout of the text as simple as possible.  Most 

formatting codes will be removed and replaced on processing the article.  In particular, do not 

use the word processor's options to justify text or to hyphenate words.  However, do use bold 

face, italics, subscripts, superscripts etc.  When preparing tables, if you are using a table grid, 

use only one grid for each individual table and not a grid for each row.  If no grid is used, use 

tabs, not spaces, to align columns.  The electronic text should be prepared in a way very similar 

to that of conventional manuscripts (see also https://www.elsevier.com/authors/journalauthors# 

prepare-your-paper for the Guide to Publishing with Elsevier).  Note that source files of figures, 

tables and text graphics will be required whether or not you embed your figures in the text.  See 

also the section on Electronic artwork.  To avoid unnecessary errors you are strongly advised to 

use the 'spell-check' and 'grammar-check' functions of your word processor. 

Article structure 

Subdivision - numbered sections 

Divide your article into clearly defined and numbered sections.  Subsections should be 

numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering).  

Use this numbering also for internal cross-referencing: do not just refer to 'the text'.  Any 

subsection may be given a brief heading.  Each heading should appear on its own separate 

line. 

Introduction 

State the objectives of the work and provide an adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Material and methods 

Provide sufficient detail to allow the work to be reproduced.  Methods already published should 

be indicated by a reference: only relevant modifications should be described. 
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Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them.  A combined 

Results and Discussion section is often appropriate.  Avoid extensive citations and discussion of 

published literature. 

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, which may 

stand alone or form a subsection of a Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc.  Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on.  Similarly for tables and figures: Table A.1; Fig. A.1, 

etc. 

Essential title page information 

 Title.  Concise and informative.  Titles are often used in information-retrieval systems.  

Avoid abbreviations and formulae where possible. 

 Author names and affiliations.  Please clearly indicate the given name(s) and family 

name(s) of each author and check that all names are accurately spelled.  Present the 

authors' affiliation addresses (where the actual work was done) below the names.  

Indicate all affiliations with a lower- case superscript letter immediately after the author's 

name and in front of the appropriate address.  Provide the full postal address of each 

affiliation, including the country name and, if available, the e-mail address of each 

author. 

 Corresponding author.  Clearly indicate who will handle correspondence at all stages 

of refereeing and publication, also post-publication.  Ensure that the e-mail address is 

given and that contact details are kept up to date by the corresponding author. 

 Present/permanent address.  If an author has moved since the work described in the 

article was done, or was visiting at the time, a 'Present address' (or 'Permanent 

address') may be indicated as a footnote to that author's name.  The address at which 
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the author actually did the work must be retained as the main, affiliation address.  

Superscript Arabic numerals are used for such footnotes. 

Abstract 

A concise and factual abstract is required.  The abstract should state briefly the purpose of the 

research, the principal results and major conclusions.  An abstract is often presented separately 

from the article, so it must be able to stand alone.  For this reason, References should be 

avoided, but if essential, then cite the author(s) and year(s).  Also, non-standard or uncommon 

abbreviations should be avoided, but if essential they must be defined at their first mention in 

the abstract itself. 

The abstract must not exceed 200 words. 

Graphical abstract 

A Graphical abstract is mandatory for this journal.  It should summarize the contents of the 

article in a concise, pictorial form designed to capture the attention of a wide readership online.  

Authors must provide images that clearly represent the work described in the article.  Graphical 

abstracts should be submitted as a separate file in the online submission system.  Image size: 

please provide an image with a minimum of 531 × 1328 pixels (h × w) or proportionally more, 

but should be readable on screen at a size of 200 × 500 pixels (at 96 dpi this corresponds to 

5 × 13 cm).  Bear in mind readability after reduction, especially if using one of the figures from 

the article itself.  Preferred file types: TIFF, EPS, PDF or MS Office files.  See 

http://www.elsevier.com/graphicalabstracts for examples. 

Keywords 

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 

avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of').  Be 

sparing with abbreviations: only abbreviations firmly established in the field may be eligible.  

These keywords will be used for indexing purposes. 

Chemical compounds 

You can enrich your article by providing a list of chemical compounds studied in the article.  The 

list of compounds will be used to extract relevant information from the NCBI PubChem 

Compound database and display it next to the online version of the article on ScienceDirect.  

You can include up to 10 names of chemical compounds in the article.  For each compound, 

please provide the PubChem CID of the most relevant record as in the following example: 

Glutamic acid (PubChem CID:611).  The PubChem CIDs can be found on 
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https://www.ncbi.nlm.nih.gov/pccompound.  Please position the list of compounds immediately 

below the 'Keywords' section.  It is strongly recommended to follow the exact text formatting as 

in the example below: 

Chemical compounds studied in this article: 

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium 

chloride (PubChem CID: 15865) 

More information can be found at https://www.elsevier.com/books-and-

journals/contentinnovation/pubchem. 

Abbreviations 

Define abbreviations that are not standard in this field in a footnote to be placed on the first 

page of the article.  Such abbreviations that are unavoidable in the abstract must be defined at 

their first mention there, as well as in the footnote.  Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references 

and do not, therefore, include them on the title page, as a footnote to the title or otherwise.  List 

here those individuals who provided help during the research (e.g., providing language help, 

writing assistance or proof reading the article, etc.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements: 

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, 

yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United 

States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and awards.  

When funding is from a block grant or other resources available to a university, college, or other 

research institution, submit the name of the institute or organization that provided the funding. 

If no funding has been provided for the research, please include the following sentence: 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 
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Units 

Follow internationally accepted rules and conventions: use the international system of units (SI).  

If other units are mentioned, please give their equivalent in SI. 

Math formulae 

Please submit math equations as editable text and not as images.  Present simple formulae in 

line with normal text where possible and use the solidus (/) instead of a horizontal line for small 

fractional terms, e.g., X/Y.  In principle, variables are to be presented in italics.  Powers of e are 

often more conveniently denoted by exp.  Number consecutively any equations that have to be 

displayed separately from the text (if referred to explicitly in the text). 

Footnotes 

Footnotes should be used sparingly.  Number them consecutively throughout the article.  Many 

word processors can build footnotes into the text, and this feature may be used.  Otherwise, 

please indicate the position of footnotes in the text and list the footnotes themselves separately 

at the end of the article.  Do not include footnotes in the Reference list. 

Image manipulation 

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation 

for purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with 

accordingly.  For graphical images, this journal is applying the following policy: no specific 

feature within an image may be enhanced, obscured, moved, removed, or introduced. 

Adjustments of brightness, contrast, or color balance are acceptable if and as long as they do 

not obscure or eliminate any information present in the original.  Nonlinear adjustments (e.g. 

changes to gamma settings) must be disclosed in the figure legend. 

Electronic artwork 

General points 

 Make sure you use uniform lettering and sizing of your original artwork. 

 Embed the used fonts if the application provides that option. 

 Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 

 Symbol, or use fonts that look similar. 

 Number the illustrations according to their sequence in the text. 
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 Use a logical naming convention for your artwork files. 

 Provide captions to illustrations separately. 

 Size the illustrations close to the desired dimensions of the published version. 

 Submit each illustration as a separate file. 

A detailed guide on electronic artwork is available on https://www.elsevier.com/ 

authors/authorschemas/artwork-and-media-instructions. 

You are urged to visit this site; some excerpts from the detailed information are given 

here. 

Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) 

then please supply 'as is' in the native document format. 

Regardless of the application used other than Microsoft Office, when your electronic artwork is 

finalized, please 'Save as' or convert the images to one of the following formats (note the 

resolution requirements for line drawings, halftones, and line/halftone combinations given 

below): 

 EPS (or PDF): Vector drawings, embed all used fonts. 

 TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 

300 dpi. 

 TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum 

of 1000 pi. 

 TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a 

minimum of 500 dpi. 

Please do not: 

 Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 

typically have a low number of pixels and limited set of colors; 

 Supply files that are too low in resolution; 

 Submit graphics that are disproportionately large for the content. 
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Color artwork 

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), 

or MS Office files) and with the correct resolution.  If, together with your accepted article, you 

submit usable color figures then Elsevier will ensure, at no additional charge, that these figures 

will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not 

these illustrations are reproduced in color in the printed version.  For color reproduction in print, 

you will receive information regarding the costs from Elsevier after receipt of your accepted 

article.  Please indicate your preference for color: in print or online only.  Further information on 

the preparation of electronic artwork and media instructions can be found on 

https://www.elsevier.com/authors/ 

author-schemas/artwork-and-media-instructions. 

Figure captions 

Ensure that each illustration has a caption.  Supply captions separately, not attached to the 

figure.  A caption should comprise a brief title (not on the figure itself) and a description of the 

illustration.  Keep text in the illustrations themselves to a minimum but explain all symbols and 

abbreviations used. 

Tables 

Please submit tables as editable text and not as images.  Tables can be placed either next to 

the relevant text in the article, or on separate page(s) at the end.  Number tables consecutively 

in accordance with their appearance in the text and place any table notes below the table body.  

Be sparing in the use of tables and ensure that the data presented in them do not duplicate 

results described elsewhere in the article.  Please avoid using vertical rules. 

References 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice 

versa).  Any references cited in the abstract must be given in full.  Unpublished results and 

personal communications are not recommended in the reference list, but may be mentioned in 

the text.  If these references are included in the reference list they should follow the standard 

reference style of the journal and should include a substitution of the publication date with either 

'Unpublished results' or 'Personal communication'.  Citation of a reference as 'in press' implies 

that the item has been accepted for publication and a copy of the title page of the relevant 

article must be submitted. 
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Reference links 

Increased discoverability of research and high quality peer review are ensured by online links to 

the sources cited.  In order to allow us to create links to abstracting and indexing services, such 

as Scopus, CrossRef and PubMed, please ensure that data provided in the references are 

correct.  Please note that incorrect surnames, journal/book titles, publication year and 

pagination may prevent link creation.  When copying references, please be careful as they may 

already contain errors.  Use of the DOI is encouraged. 

A DOI can be used to cite and link to electronic articles where an article is in-press and full 

citation details are not yet known, but the article is available online.  A DOI is guaranteed never 

to change, so you can use it as a permanent link to any electronic article.  An example of a 

Ambeh W.B., Franke M. (2003).  Aseismic continuation of the Lesser Antilles slab beneath 

northeastern Venezuela.  Journal of Geophysical Research, 

http://dx.doi.org/10.1029/2001JB000884i.  Please note the format of such citations should be in 

the same style as all other references in the paper. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last 

accessed.  Any further information, if known (DOI, author names, dates, reference to a source 

publication, etc.), should also be given.  Web references can be listed separately (e.g., after the 

reference list) under a different heading if desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are added to any references in the list (and any 

citations in the text) to other articles in the same Special Issue. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular 

reference management software products.  These include all products that support Citation 

Style Language styles (visit http://citationstyles.org/ for more information), such as Mendeley 

(https://www.mendeley.com/features/reference-manager/) and Zotero (https://www.zotero.org/), 

as well as EndNote (http://endnote.com/downloads/styles).  Using the word processor plug-ins 

from these products, authors only need to select the appropriate journal template when 

preparing their article, after which citations and bibliographies will be automatically formatted in 

the journal's style.  If no template is yet available for this journal, please follow the format of the 

sample references and citations as shown in this Guide. 
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Users of Mendeley Desktop can easily install the reference style for this journal by clicking the 

following link: http://open.mendeley.com/use-citation-style/international-journal-of-

pharmaceutics. 

When preparing your manuscript, you will then be able to select this style using the Mendeley 

plug-ins for Microsoft Word or LibreOffice. 

Reference formatting 

There are no strict requirements on reference formatting at submission.  References can be in 

any style or format as long as the style is consistent.  Where applicable, author(s) name(s), 

journal title/book title, chapter title/article title, year of publication, volume number/book chapter 

and the pagination must be present.  Use of DOI is highly encouraged.  The reference style 

used by the journal will be applied to the accepted article by Elsevier at the proof stage.  Note 

that missing data will be highlighted at proof stage for the author to correct.  If you do wish to 

format the references yourself they should be arranged according to the following examples: 

Reference style 

Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the 

year of publication; 

2. Two authors: both authors' names and the year of publication; 

3. Three or more authors: first author's name followed by 'et al.' and the year of 

publication. 

Citations may be made directly (or parenthetically).  Groups of references should be listed first 

alphabetically, then chronologically. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. 

(2010) have recently shown ....' 

List: References should be arranged first alphabetically and then further sorted chronologically  

if necessary.  More than one reference from the same author(s) in the same year must be 

identified by the letters 'a', 'b', 'c', etc., placed after the year of publication. 

Examples: 

Reference to a journal publication: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. 

Sci. Commun. 163, 51–59. 
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Reference to a book: 

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 

Reference to a chapter in an edited book: 

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: 

Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, 

pp. 281–304. 

Reference to a website: 

Cancer Research UK, 1975. Cancer statistics reports for the UK. 

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13.03.03). 

Journal abbreviations source 

Journal names should be abbreviated according to the List of Title Word Abbreviations. More 

information about the List of Title Word Abbreviations is supplied on 

http://www.issn.org/services/online-services/access-to-the-ltwa/. 

Video 

Elsevier accepts video material and animation sequences to support and enhance your 

scientific research.  Authors who have video or animation files that they wish to submit with their 

article are strongly encouraged to include links to these within the body of the article.  This can 

be done in the same way as a figure or table by referring to the video or animation content and 

noting in the body text where it should be placed.  All submitted files should be properly labeled 

so that they directly relate to the video file's content.  In order to ensure that your video or 

animation material is directly usable, please provide the files in one of our recommended file 

formats with a preferred maximum size of 150 MB.  Video and animation files supplied will be 

published online in the electronic version of your article in Elsevier Web products, including 

ScienceDirect (http://www.sciencedirect.com/).  Please supply 'stills' with your files: you can 

choose any frame from the video or animation or make a separate image.  These will be used 

instead of standard icons and will personalize the link to your video data.  For more detailed 

instructions please visit our video instruction pages on 

https://www.elsevier.com/authors/authorschemas/artwork-and-media-instructions.  Note: since 

video and animation cannot be embedded in the print version of the journal, please provide text 

for both the electronic and the print version for the portions of the article that refer to this 

content. 
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Supplementary material 

Supplementary material can support and enhance your scientific research.  Supplementary files 

offer the author additional possibilities to publish supporting applications, high-resolution 

images, background datasets, sound clips and more.  Please note that such items are 

published online exactly as they are submitted; there is no typesetting involved (supplementary 

data supplied as an Excel file or as a PowerPoint slide will appear as such online).  Please 

submit the material together with the article and supply a concise and descriptive caption for 

each file.  If you wish to make any changes to supplementary data during any stage of the 

process, then please make sure to provide an updated file, and do not annotate any corrections 

on a previous version.  Please also make sure to switch off the 'Track Changes' option in any 

Microsoft Office files as these will appear in the published supplementary file(s).  For more 

detailed instructions please visit our artwork instruction pages on 

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions. 

Research data 

Data in Brief 

Authors have the option of converting any or all parts of their supplementary or additional raw 

data into one or multiple Data in Brief articles, a new kind of article that houses and describes 

their data. 

Data in Brief articles ensure that your data, which is normally buried in supplementary material, 

is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon 

publication.  Authors are encouraged to submit their Data in Brief article as an additional item 

directly alongside the revised version of their manuscript.  If your research article is accepted, 

your Data in Brief article will automatically be transferred over to Data in Brief where it will be 

editorially reviewed and published in the new, open access journal, Data in Brief.  Please note 

an open access fee is payable for publication in Data in Brief.  Full details can be found on the 

Data in Brief website which can be found on http://www.journals.elsevier.com/data-in-brief.  

Please use this template to write your Data in Brief. 

Database linking 

Elsevier encourages authors to connect articles with external databases, giving readers access 

to relevant databases that help to build a better understanding of the described research.  

Please refer to relevant database identifiers using the following format in your article: Database: 

xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).  More information and a full list of 

supported databases are supplied on https://www.elsevier.com/books-andjournals/content-

innovation/data-base-linking. 
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AudioSlides 

The journal encourages authors to create an AudioSlides presentation with their published 

article.  AudioSlides are brief, webinar-style presentations that are shown next to the online 

article on ScienceDirect.  This gives authors the opportunity to summarize their research in their 

own words and to help readers understand what the paper is about.  More information and 

examples are available on https://www.elsevier.com/books-and-journals/contentinnovation/ 

audioslides.  Authors of this journal will automatically receive an invitation e-mail to create an 

AudioSlides presentation after acceptance of their paper. 

Interactive plots 

This journal enables you to show an Interactive Plot with your article by simply submitting a data 

file.  Full instructions are given on https://www.elsevier.com/books-and-journals/ 

contentinnovation/iplots. 

Submission checklist 

It is hoped that this list will be useful during the final checking of an article prior to sending it to 

the journal's Editor for review.  Please consult this Guide for Authors for further details of any 

item. 

Ensure that the following items are present: 

One Author designated as corresponding Author: 

 E-mail address 

 Full postal address 

 Telephone and fax numbers 

 All necessary files have been uploaded 

 Keywords 

 All figure captions 

 All tables (including title, description, footnotes) 

Further considerations: 

 Use continuous line numbering (every 5 lines) to facilitate reviewing of the manuscript. 

 Manuscript has been "spellchecked" and "grammar-checked. 

 References are in the correct format for this journal 
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 All references mentioned in the Reference list are cited in the text, and vice versa 

 Permission has been obtained for use of copyrighted material from other sources 

 (including the Web) 

 Color figures are clearly marked as being intended for color reproduction on the Web 

(free of charge) and in print or to be reproduced in color on the Web (free of charge) and 

in black-and-white in print 

 If only color on the Web is required, black and white versions of the figures are also 

supplied for printing purposes 

For any further information please visit our customer support site at http://service.elsevier.com/ 

app/overview/elsevier/. 

After acceptance 

Online proof correction 

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing 

annotation and correction of proofs online.  The environment is similar to MS Word: in addition 

to editing text, you can also comment on figures/tables and answer questions from the Copy 

Editor.  Web-based proofing provides a faster and less error-prone process by allowing you to 

directly type your corrections, eliminating the potential introduction of errors. 

If preferred, you can still choose to annotate and upload your edits on the PDF version.  All 

instructions for proofing will be given in the e-mail we send to authors, including alternative 

methods to the online version and PDF. 

We will do everything possible to get your article published quickly and accurately.  Please use 

this proof only for checking the typesetting, editing, completeness and correctness of the text, 

tables and figures.  Significant changes to the article as accepted for publication will only be 

considered at this stage with permission from the Editor.  It is important to ensure that all 

corrections are sent back to us in one communication.  Please check carefully before replying, 

as inclusion of any subsequent corrections cannot be guaranteed.  Proofreading is solely your 

responsibility. 

Offprints 

The corresponding author will, at no cost, receive a customized Share Link 

(https://www.elsevier.com/authors/journal-authors/share-link) providing 50 days free access to 

the final published version of the article on ScienceDirect (http://www.sciencedirect.com).  The 
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Share Link can be used for sharing the article via any communication channel, including email 

and social media.  For an extra charge, paper offprints can be ordered via the offprint order form 

which is sent once the article is accepted for publication.  Both corresponding and co-authors 

may order offprints at any time via Elsevier's Webshop (http://webshop.elsevier.com/ 

myarticleservices/offprints/).  Corresponding authors who have published their article open 

access do not receive a Share Link as their final published version of the article is available 

open access on ScienceDirect and can be shared through the article DOI link. 

Author inquiries 

Visit the Elsevier Support Center (http://service.elsevier.com/app/home/supporthub/publishing/) 

to find the answers you need.  Here you will find everything from Frequently Asked Questions to 

ways to get in touch.  You can also check the status of your submitted article at 

http://service.elsevier.com/app/answers/detail/a_id/5971/kw/5971/p/13783/supporthub/publishin

g/ or find out when your accepted article will be published by visiting http://service.elsevier.com/ 

app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing/.



 

222 
 

APPENDIX H 

LANGUAGE EDITING CERTIFICATE – ENGLISH 

Gill Smithies 

Proofreading & Language Editing Services 

59, Lewis Drive, Amanzimtoti, 4126, Kwazulu Natal 

Cell: 071 352 5410  E-mail: moramist@vodamail.co.za 

 

Work Certificate 

 

To Ms. V Steenkamp 

Address Centre of Excellence for Pharmaceutical Sciences, North West 
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