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Tuberculosis (TB), which is caused by Mycobacterium tuberculosis (Mtb) (Godreuil et al., 2007:1), 

manifests as an extra-pulmonary disease in 3.7 to 8.4% of cases, whereas cutaneous 

tuberculosis (CTB), which is uncommon, compromises approximately 1.0 to 1.5% of all extra-

pulmonary manifestations.  The active pharmaceutical ingredients (APIs) chosen for this study 

were clofazimine (CLF), artemisone (ART) and decoquinate (DQ). 

APIs should possess physicochemical characteristics by containing both hydrophilic properties 

(to permeate to other hydrophilic skin layers to reach the circulatory system) and lipophilic 

qualities (to permeate the stratum corneum) (Naik et al., 2000). 

Penetration enhancers may be used to penetrate barrier properties of the skin to facilitate 

permeation.  Literature suggests by using natural oils (fatty acids), the delivery of both hydrophilic 

and lipophilic APIs could be promoted (Williams & Barry, 2012:132) as they contain linoleic acid 

(C18 fatty acid) (Vermaak et al., 2011:920-933). 

The aim of this study was to investigate whether nano-emulsions containing natural oils would 

improve the topical delivery of CLF, DQ and ART, separately and in combination.  The nano-

emulsions were characterised by means of pH, viscosity, drug entrapment efficiency and zeta-

potential.  A novel high performance liquid chromatography (HPLC) method was developed and 

validated for the simultaneous analysis of CLF, ART and DQ throughout the study during 

experiments. 

During membrane and skin diffusion studies, it was evident that no API was released from all 

eight nano-emulsions within the receptor fluid.  The nano-emulsions containing a single API were 

found within the stratum corneum-epidermis (SCE) and showed similar results in the epidermis-

dermis (ED), where only CLF and DQ were detected; no ART was observed within the ED.  It is 

evident with the nano-emulsions containing the combination of APIs that CLF and ART was found 

within the SCE, but no DQ was found within the SCE.  In the ED, it was evident that CLF and DQ 

were detected, but no ART was found, therefore nano-emulsions could deliver APIs topically 

without entering the blood stream. 

In vitro cytotoxicity studies showed no cytotoxicity on immortalised human keratinocyte (HaCaT) 

cells, indicating the nano-emulsions were safe to use on human skin.  From the Mtb cell line 

studies, all the formulations displayed %inhibition on the bacterial tuberculosis (52 – 63% 

inhibition). 
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During this study, a novel high performance liquid chromatography (HPLC) validation method was 

developed to determine the concentration of CLF, ART and DQ simultaneously.  Subsequently, 

the validation method was published; in addition, a literature review on nano-emulsions was 

written and published. Novel contributions have been made to science where the compatibility of 

the combined use of CLF, ART and DQ were tested during microcalorimetry, differential scanning 

calorimetry (DSC) and hot stage microscopy (HSM) studies. Nano-emulsions containing natural 

oils were developed and tested for efficacy against TB strains.  In the future, this knowledge can 

be applied for the possible treatment of CTB in conjunction with systemic treatment.  Information 

gathered during this study serves as basic research, which forms the basis for further studies. 

Keywords:  Cutaneous tuberculosis; Topical delivery; Clofazimine; Artemisone; Decoquinate; 

Nano-emulsions; Natural oils. 
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1. Introduction 

Tuberculosis (TB) is a very deadly and contagious disease that is primarily caused by airborne 

Mycobacterium tuberculosis, but Mycobacterium bovis and Mycobacterium africanum (Cataldi 

& Romano, 2007:283-314; Ducati, 2006:697-714) can also cause it.  TB primarily affects the 

lungs through the M. tuberculosis and M. bovis bacteria, but it can also manifest in other areas 

of the body, such as the skin, in which case it is referred to as cutaneous TB (CTB) (Ramarao 

et al., 2012:378).  TB only manifests in about 8.4 – 13.7% cases as an extra-pulmonary 

disease, of which CTB only consists of a small prevalence of 1 – 2% (Ilgazli et al., 2004:435; 

Wyrzykowska et al., 2012:293; Zouhair et al., 2007:209).  Nevertheless, when the high 

incidence of TB in many developing countries is taken into account, these numbers can 

become significant (Bravo & Gotuzzo, 2007:173).  Because CTB is usually unsightly, it 

significantly impacts the patient’s social and emotional wellbeing.  The biggest shortcoming is 

that no topical treatment has yet been developed for CTB, since no complete effectiveness 

has yet been achieved, despite current oral regimens showing good promise (Van Zyl et al., 

2014:2).  Although future topical therapy alone will not be used to substitute any systemic 

treatment; different active pharmaceutical ingredients (APIs), i.e. clofazimine (CLF), 

artemisone (ART) and decoquinate (DQ) will be investigated during this study, which formed 

part of the Medical Research Council (MRC) flagship program: MALTB:Redox, for the possible 

promotion of future topical CTB treatments. 

The human skin consists of three main layers, i.e the epidermis, the dermis and the 

subcutaneous fatty layer (the hypodermis) (Potts et al., 1992:14).  Transdermal drug delivery 

comprises of permeation through the lipophilic stratum corneum, then through the hydrophilic 

epidermal and dermal layers, before reaching the capillaries of the human body (Perrie et al., 

2012:392).  APIs must therefore have both hydrophilic and lipophilic physicochemical qualities 

in order to permeate from the formulation into the skin, where they will accumulate.  In order 

to permeate into and through the skin, an API should preferably possess the following 

physicochemical properties: a) log P (octanol-water partition coefficient) should be between 1 
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and 3 (Mbah et al., 2011:681), b) aqueous solubility should be above 1 mg/ml and c) the 

molecular weight should be below 500 Da (Naik et al., 2000:319). 

CLF is a poorly water soluble (10 mg/l) redox compound with a log D (octanol-buffer 

distribution coefficient) of 7.6 (US Pharmacopeia online, 2014), having anti-inflammatory 

(Cholo et al., 2011:293) and dye properties (Anderson, 1983:139-144).  CLF has a lipophilic 

character, which enables it to accumulate in the skin and among the nerves (Dutta, 1980:252-

259; Imkamp, 1973:127-130; Imkamp, 1981:135-140).  CLF shows in vitro activity against 

multidrug-resistant TB (MDR-TB), however the problem arises where it crystallises out of the 

macrophage.  It can be used for treatment in TB patients who cannot tolerate the adverse 

effects of other drugs (Lu et al., 2011:5183).  It acts as a substrate for the flavoenzyme 

M. tuberculosis Type-II nicotinamide adenine dinucleotide (NADH)-quinone (Q) 

oxidoreductase (NDH-2), which is a critical respiratory enzyme.  It also oxidises hydroquinone 

form of flavin adenine dinucleotide (FADH2, reduced) to flavin adenine dinucleotide (FAD) to 

generate reduced CLF (CLFH2).  CLFH2 is then oxidised by oxygen (O2) to produce CLF and 

reactive oxygen species (ROS).  In each reaction cycle, CLF consumes FADH2 and O2, as 

well as produce ROS.  It also enhances the NADH production (Haynes & Tang, 2012).  The 

primary site of action of CLF is the outer skin membrane.  When CLF is added to the 

organism’s membrane in the presence of potassium cyanide (being a terminal cytochrome 

(CYP) respiratory chain inhibitor) and NADH (being an oxidisable co-factor); an oxidation and 

reduction action of CLF occurs, which produces super-oxides and hydrogen peroxide, better 

known as anti-microbial ROS.  Bacterial death is therefore caused by ROS, as they interfere 

with adenosine triphosphate (ATP) production (Cholo et al., 2011:293). 

ART is a relatively new, semi-synthetic, 10-alkylaminoartemisinin that can be synthesised in 

a one-step process from dihydroartemisinin (Haynes et al., 2004:1381-1385).  ART with a 

log D of 2.49 (Dunay et al., 2009:4451) and aqueous solubility of 89 mg/l (Steyn et al., 

2011:261) shows no neurotoxicity, increased anti-plasmodial activity or metabolic stability 

(Von Keutz et al., 2005:28).  ART is active against all red blood cell stages of Plasmodium 

falciparum and demonstrates limited resistance.  Three metabolites (M1, M2 and M3), 

obtained primarily from being metabolised by cytochrome 3A4 (CYP3A4) in the liver, possess 

intrinsic anti-malarial activity (Nagelschmitz et al., 2008:3090) and due to their short half-lives, 

they should be used in combination with other APIs (Steyn et al., 2011:260).  Through 

cleavage of the peroxide bond by iron (Fe (ΙΙ)), found in the heme proteins (Biamonte et al., 

2013:2831); toxic oxygen radicals are thought to be generated and as a result, this oxidant 

activity is important for ART to enhance activity against TB by accelerating the cycling of redox 

APIs (Haynes, 2013:7). 
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The third drug which will be added is DQ (quinolone) and has a different mechanism of action, 

which suppresses the selection for resistant pathogen strains and is this case amplifies the 

effect for the oxidative stress.  DQ is however very lipophilic with a log D of 8.07 (Chembase, 

2014) and should therefore be evaluated with lipophilic dosage preparations; since there is a 

problem with solubility in culture medium (dimethyl sulfoxide (DMSO)) (Haynes, 2015).  DQ is 

an approved veterinary drug and has to date only been tested on animals and there is no 

available literature on aqueous solubility.  The 4-hydroxy quinolone has demonstrated 

possible anti-TB activity, due to its high lipophilicity (Biamonte et al., 2013:2838). 

The rationale behind the combination of APIs is that the oxidant drug (ART) destroys reduced 

deazaflavin, which generates a pulse of ROS/RONS (reactive oxygen nitrogen species).  It 

can also divert electron supply from the nicotinamide adenine dinucleotide phosphate 

(NADPH), which causes a cytotoxic effect.  The redox drug (CLF), scavenges electron supply 

from NADPH and therefore enhances the oxidative stress, which is caused by the oxidant 

drug which also causes a cytotoxic effect.  Therefore, the redox drug will amplify the oxidation 

drugs’ mechanism (Haynes, 2013:7). 

Taking the three aforementioned API`s into account it is indicated that ART is an ideal 

candidate for topical delivery, whilst CLF and DQ are expected to pose potential challenges 

towards achieving successful skin transport.  To overcome the barrier properties of the skin, 

penetration enhancers may be used to facilitate drugs across the skin.  Nano-emulsions, 

containing natural oils, were chosen as carriers for this study.  The available literature 

suggests that the delivery of both lipophilic and hydrophilic compounds could be promoted by 

using fatty acids (Williams & Barry, 2012:132) such as olive- and safflower oil, as they contain 

linoleic acid (C18 fatty acid) (Vermaak et al., 2011:920-933).  Since linoleic acid is naturally 

found in human skin, they are expected to be less harmful, or irritating to the skin, than other 

available penetration enhancers (Dingler & Gohla, 2002:11-16). 

Nano-emulsions have been chosen as the drug delivery system as it has been successfully 

implemented to improve the transport of hydrophobic compounds (Shakeel et al., 2012:953-

973) and will therefore further enhance drug penetration (Chime et al., 2014).  Nano-emulsions 

have numerous advantages over other micro-counterparts, such as liposomes, micro-

emulsions, niosomes and nano-particles, as they offer exceptional solubilisation ability to 

drugs.  They have small droplet sizes with higher entrapment efficiencies and they offer ease 

of preparation, optical clarity and stability, which all contribute to them being attractive 

candidates for drug vectorisation (Chime et al., 2014). 
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The research problem of this study is that 1) currently no topical preparation is available for 

CTB and 2) the APIs (CLF, ART and DQ) do not possess the ideal required physicochemical 

properties to penetrate the target site (epidermis-dermis (ED)). 

The aim of this study is to investigate whether nano-emulsions containing natural oils would 

improve the topical delivery of CLF, DQ and ART, separately and in combination.  Two natural 

oils will be examined, i.e. safflower- and olive oil and thus eight nano-emulsions will therefore 

be formulated, i.e. nano-emulsions containing safflower oil and CLF (S1), safflower oil and 

ART (S2), safflower oil and DQ (S3), olive oil and CLF (O1), olive oil and ART (O2) olive oil 

and DQ (O3), as well as the combinations of safflower oil with CLF, ART and DQ (S4) and 

olive oil with CLF, ART and DQ (O4).  The compatibility of the three APIs will be tested with 

each other as well as with the different oils.  The dermal toxicity will be investigated on the 

different constituents of the dispersions (i.e. APIs itself, natural oils and the nano-emulsions 

without API as well as the nano-emulsions combined with the API).  The nano-emulsions 

containing any of the three different APIs separately or in single formulation (combination of 

all three APIs), will be chosen for in vitro cell culture studies against M. tuberculosis for further 

investigation regarding their potential use in the future treatment of CTB.  In vitro studies of 

the nano-emulsions will be tested on inoculated, freeze-dried bacterial cells with and without 

APIs to ensure that cell death is not caused by the natural oils or the API itself. 

Objectives of the study include the following: 

• Develop and validate a high performance liquid chromatography (HPLC) analytical 

method to determine the concentration of CLF, DQ and ART, separately and in 

combination, in the test samples generated during this study. 

• Determine the aqueous solubility, solubility in different solvents and log D values of 

CLF, DQ and ART. 

• Testing drug with drug compatibilities by using the differential scanning calorimetry 

(DSC). 

• Testing oil with drug compatibilities by using microcalorimetry. 

• Formulate nano-emulsions containing CLF, DQ and ART, separately and in 

combination, by using safflower- and olive oil as the oil phase in the nano-emulsions. 

• Determine in vitro efficacy on tuberculous bacterial cells of the entrapped APIs in the 

nano-emulsions containing safflower- and olive oil separately with any of the three 

different APIs, separately or in combination. 
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• Characterise (viscosity, zeta-potential, pH, droplet size, pH, morphology and drug 

entrapment efficiency) the nano-emulsions with and without the APIs. 

• Conduct membrane release studies to establish whether the APIs are released from 

the different nano-emulsions. 

• Determine the transdermal and topical delivery of the APIs from the nano-emulsions 

by performing diffusion studies followed by tape stripping, respectively. 

• Conduct cell culture studies to determine the cytotoxic effects of the API(s), the oils, 

as well as the nano-emulsions on dermal fibroblast cells and on immortal human 

keratinocyte cell line (HaCaT) cells. 
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Chapter 3 is accessible in the form of a research article which was accepted in the journal 

entitled “Die Pharmazie” for publication. 

Chapter 3: 

Article for publication in “Die Pharmazie” 
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Abstract 

The aim of this study is to develop and validate a novel HPLC method for the simultaneous analysis of 

artemisone, clofazimine and decoquinate.  Detection was obtained at two wavelengths; 284 nm 

(clofazimine) and 210 nm (artemisone and decoquinate).  Gradient elution was used with mobile phase A 

(A) consisting of 0.005 M sodium octanesulphonic-acid (pH 3.5) and mobile phase B (B) of HPLC grade 

acetonitrile.  The flow rate was set to 1.0 ml/min with (A) at 35% and (B) at 65% for 2 min, followed by a 

gradient shift of 10/90% ((A)/(B)) over a duration of 4 min.  After 10 min, the initial gradient conditions were 

readjusted to 35/65% ((A)/(B)).  Distinctive peaks were identified for clofazimine, artemisone and 

decoquinate, respectively.  The proposed HPLC assay method was validated and found to be reliable, 

reproducible and accurate for simultaneous analysis of the three compounds. 

1. Introduction 

Tuberculosis (TB) poses a significant public health threat, with 20 - 40% of the world’s population being 

affected.  Less than 14% of TB cases are extra-pulmonary, of which only 1.0 - 1.5% manifests as cutaneous 

tuberculosis (CTB).  CTB is quite an exceptional presentation of TB; resulting in it being undefined and 

often misdiagnosed [Bravo and Gotuzzo, 2007; Rullán et al. 2012; Carman and Patel, 2014; Galagan et al. 

2014]. 

A fixed-dose combination of artemisone, clofazimine and decoquinate formulated in a topical dosage form 

was chosen as a possible therapy to effectively treat CTB.  The combination of these three APIs (active 

pharmaceutical ingredients) was based on the combination strategy of oxidant and redox APIs for the 

treatment of malaria and TB.  The combination of the three APIs formed part of an investigative study; since 

the effectivity of decoquinate against TB has not yet been established, but its lipophilicity renders it an 

attractive compound for assessment.  Although clofazimine was considered ineffective against pulmonary 

TB, recent advances in technology have renewed the use thereof for TB treatment, and therefore it was 

included in this combination as an API with redox capabilities.  Artemisone is effective against Plasmodium 

falciparum (malaria), but was included in this study as an oxidant API [Cholo et al. 2011; Steyn et al. 2011; 

Haynes, 2013]. 

Clofazimine (C27H22Cl2N4) (Fig. 1A) [modified from Cholo et al. 2011] has an aqueous solubility of 10 mg/L, 

a log P of 7.60, a pKa of 8.51, a melting point of 210 - 212°C and a molecular weight of 473.40 g/mol 

[Holdiness, 1989; Brittain and Florey, 1992; Cholo et al. 2011; Bolla and Nangia, 2012; Srikanth et al. 2014].  
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Artemisone (C19H31NO6S) (Fig. 1B) [modified from Biamonte et al. 2013], in addition, has an aqueous 

solubility of 89 mg/L (pH 7.2, water), a log P of 2.49, a melting point of ≈199°C and a molecular weight of 

401.52 g/mol [Nagelschmitz et al. 2008; Dunay et al. 2011; Steyn et al. 2011].  Very little information is 

available for decoquinate; since it has mainly been used as a veterinary API.  Decoquinate (C24H36NO5) 

(Fig. 1C) [modified from Biamonte et al. 2013] has a log P of 7.80, a pKa of 10.76, a melting point of ≈219°C 

and a molecular weight of 417.54 g/mol [Nam et al. 2011; Iglesias et al. 2014].  Currently, no HPLC method 

for the simultaneous determination of these three compounds is available in literature.  Therefore, this 

method was developed and validated to determine the concentration assays of the three compounds 

simultaneously for different routes of administration such as solid oral dosage forms or transdermal 

formulations.  This method was developed and validated based on the International Conference on 

Harmonisation (ICH) and current Good Manufacturing Practice (cGMP) guidelines and parameters [ICH, 

2005; FDA, 2011]. 

2. Investigations, results and discussion 

The proposed method was validated in terms of linearity, accuracy, precision, limit of detection (LOD), limit 

of quantitation (LOQ), system suitability and robustness.  Thereafter the solubility of all three APIs was 

determined in different solvents (Table 1).  The solubility of decoquinate, when compared to the other two 

APIs, was the lowest in all investigated solvents, consequently the solubility thereof was used as the 

deciding parameter during the method development steps.  The solubility of decoquinate in tetrahydrofuran 

(THF) was the highest, however, since it is considered a toxic solvent; it will not be the solvent of choice 

during pre-formulation, dosage form development or API release testing from either solid or semi-solid 

formulations.  Hence, ethanol was chosen as the main solvent. 

The linearity was determined by constructing a regression plot of API concentration versus peak area 

response, allowing the calculation of a regression equation for each API.  The resulting equations are listed 

in Table 2.  The correlation coefficient (r2) was also determined, where the strongest linear relationship is 

indicated by a correlation coefficient of 1 [Krause, 2003; UNODC, 2009].  The accuracy of the three 

compounds can be seen in Table 2.  The mean recovery percentages were all between 98 - 102% (%RSD 

< 15%), thus complying with validation requirements for accuracy parameters. 

Precision was conducted during a three-day period at three concentration levels (Table 2).  All the 

parameters mentioned adhered to the specifications and thus the method was found to be accurate and 

precise.  The stability of artemisone, clofazimine and decoquinate was evaluated, and no significant 

instability was observed for at least 24 h (Table 2).  None of the API concentrations deviated with more 

than 15% and were consequently found to be stable for at least 24 h after preparation.  System suitability 

was determined with the injection precision for retention times and peak areas as depicted in Table 2.  

System suitability was determined from six replicate injections.  The obtained peaks were analysed in terms 

of peak area and retention times.  All %RSD values were less than 2% (Table 2) and as a result the method 

was found to be suitable for the HPLC system. 

The LOQ is the lowest concentration of API that can be quantitatively ascertained, above which analysis is 

possible with the specified degree of accuracy and precision.  LOQ is used particularly for determining 

impurities and/or degradation products [ICH, 2005; VICH, 2015].  To ensure whether LOQ is accurate, the 
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API should be injected at the calculated LOQ concentration (n = 6) and the %RSD should be calculated for 

each concentration.  %RSD variation should not exceed 20 [Krause, 2003; ICH, 2005; Westgard, 2008; 

Huber, 2010; VICH, 2015; González et al. 2014].  The LOD, on the other hand, can be determined according 

to several methods, though the method used in this study is based on the standard deviation of the 

regression line or the y-intercept and the slope of the calibration curve.  The calculated LOD was 1.98 µg/ml 

for artemisone, 3.11 µg/ml for clofazimine and 2.29 µg/ml for decoquinate.  Confirmation of the LOD 

required injecting the samples at the calculated concentration six times.  The experimental LOD obtained 

was thus 4.42 µg/ml (%RSD 19.68), 0.042 µg/ml (%RSD 17.73) and 0.703 µg/ml (%RSD 17.79) for 

artemisone, clofazimine and decoquinate, respectively.  LOQ was subsequently determined as 13.39 µg/ml 

for artemisone, 0.13 µg/ml for clofazimine and 2.13 µg/ml for decoquinate. 

Since there is currently no dosage form containing this combination of compounds available on the market, 

it was decided to make two solutions containing possible excipients that is normally included in a solid oral 

dosage form and a transdermal/topical delivery system, in order in order to test the sensitivity and selectivity 

of the method.  The solution for solid oral dosage form contained the three APIs, talc, microcrystalline 

cellulose, polyvinylpyrrolidone (PVP 30), lactose, magnesium stearate, vinylpyrrolidone-vinyl acetate 

copolymer (Kollidon® VA64) and Pluronic® F-127 dissolved in absolute ethanol in unspecified 

concentrations.  The solution prepared for transdermal/topical delivery contained the three APIs, 

polysorbate 20 (Tween® 20), polysorbate 80 (Tween® 80), sorbitan monostearate (Span® 60), 

phosphatidylcholine, cholesterol, safflower oil and olive oil dissolved in absolute ethanol in unspecified 

concentrations.  As observed from Fig. 2 - 4 the three compounds delivered peaks at the determined 

retention times with little to no interference from the different excipients, which can possibly be used during 

formulation of solid oral dosage forms and transdermal/topical delivery systems.  In addition to the novelty 

for the simultaneous quantification of artemisone, clofazimine and decoquinate the method is reliable and 

sensitive which complies with the ICH guidelines for method validation.  Validation parameters such as 

linearity, limit of detection and quantitation, accuracy, precision, sample stability and system suitability were 

established.  The reproducible method was also used to determine sensitivity of the method when applying 

it to an excipient mixture for a possible solid oral dosage form and for a transdermal/topical delivery system.  

The method was found to be adequate in quantifying the three APIs with virtually no interference. 

3. Experimental  

An Agilent® 1100 Series HPLC which was used during this study consisted of an Agilent® 1100 pump, diode 

array detector, and an autosampler injector module, and ChemStation Rev. A.10.02 software was utilised 

for data acquisition and analysis (Agilent Technologies, Palo Alto, CA).  A Restek Ultra C18 fully endcapped 

reversed phase column (250 x 4.6 mm, 5 µm) was used with 100 Å pores, a 20% carbon load (Restek 

corporation, Bellefonte, US), a pH range of 2.5 – 8.0 and a temperature limit of 80°C. Gradient elution was 

used with mobile phase A (A) consisting of 0.005 M sodium octanesulphonic-acid (pH 3.5) and mobile 

phase B (B) comprising of HPLC grade acetonitrile.  The flow rate was set to 1.0 ml/min with (A) at 35% 

and (B) at 65% for 2 min, followed by a gradient shift of 10/90% ((A)/(B)) over a duration of 4 min.  After 10 

min the initial gradient conditions were readjusted to 35/65% ((A)/(B)).  An injection volume of 20 µl was 

used and the UV detection was set at 210 and 284 nm.  Retention times were approximately 6.3 min, 7.3 
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min and 9.8 min for clofazimine, artemisone and decoquinate, respectively and the run time was set to 15 

min.  Ethanol absolute (99.7%) was used as the solvent throughout the method validation. 
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Table 1:   Solubility (µg/ml)  (37°C) determined for artemisone, clofazimine and decoquinate in nine 
different solvents 

 Artemisone  Clofazimine  Decoquinate  
Water  100.50 0.05 0.00 
PBS (pH 7.4)  86.01 0.00 1.21 
Trisaminomethane 
(pH 7.4) 99.07 0.00 0.00 

Ethanol  44 600.00 1 824.70 181.70 
Methanol  46 541.60 827.74 163.13 
Isopropanol  26 351.00 1 018.53 160.08 
Acetone  105 923.00 2 181.64 18.95 
Acetonitrile  201 960.00 1 207.80 12.98 
THF 194 190.00 143 410.00 241.13 
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Table 2:   Obtained validation parameters for the three compounds 

Linearity  

 Artemisone  
(n = 9) 

Clofazimine  
(n = 7) 

Decoquinate  
(n = 9) 

Concentration range (µg/ml)  5.00 - 400.10 0.93 - 55.86 1.50 - 120.10 
Regression equation  y = 1.079x - 0.375 y = 72.623x + 42.390 y = 23.261x + 51.866 
Correlation coefficient ( r2) 0.9999 0.9937 0.9989 

Accuracy  
Mean recovery (%) (%RSD)  99.9 (± 1.4) 100.0 (± 0.3) 99.3 (± 7.5) 

Stability  
Max sample deviation from 
hour zero (%) (%RSD) 2.5 (± 0.8) 0.2 (± 0.5) 5.0 (± 1.1) 

System suitability  
Retention time (min) (%RSD)  7.3 (± 0.1) 6.3 (± 0.3) 9.9 (± 0.1) 
Peak area (%RSD)  23.19 (± 0.16) 430.76 (± 0.90) 187.10 (± 1.71) 
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Table 3:   Precision data for artemisone, clofazimine and decoquinate 

  Artemisone  Clofazimine  Decoquinate  
Concentration 

(µl/ml)  393.0 74.0 128.0 

Repeatability 
(intra-day) 

%RSD 1.03 0.21 4.55 
Mean recovery (%)  99.86 99.99 99.57 

Intermediate 
precision 
(inter-day) 

%RSD (day 2)  0.78 0.17 3.68 
Mean recovery 
percentage (day 2) 99.96 100.01 99.67 

%RSD (day 3)  1.20 0.14 4.33 
Mean recovery 
percentage (day 3) 99.89 99.99 99.63 

p-value of ANOVA (for 
the three days) 0.938 0.958 0.862 
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Fig. 1:   Molecular structures of A) clofazimine, B) artemisone and C) decoquinate. 
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Fig. 2:   Chromatographs of a standard solution containing clofazimine, artemisone and decoquinate, 

respectively.  The top chromatogram signifying detection obtained at 284 nm and the bottom chromatogram 

showing detection at 210 nm. 
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Fig. 3:   Chromatographs obtained with a solution containing typical excipients used in formulation of solid 

oral dosage forms, observing clofazimine, artemisone and decoquinate, respectively.  The top 

chromatogram signifying detection obtained at 284 nm and the bottom chromatogram showing detection at 

210 nm. 
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Fig. 4:   Chromatographs of excipient solution for transdermal/topical delivery systems showing clofazimine, 

artemisone, and decoquinate, respectively.  The top chromatogram signifying detection obtained at 284 nm 

and the bottom chromatogram showing detection at 210 nm. 
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Chapter 4 is accessible in the form of a research article, which will be submitted to the journal 

“Drug Development and Industrial Pharmacy” for publication.  The authors guide for this journal 

can be seen in Appendix E; the article is written in Times New Roman font (12 point) with double 

line spacing and US English and formatted according to their specifications. 

Chapter 4: 

Article for the publication in “Drug Development and Industrial Pharmacy” 
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Currently a suitable formulation containing anti-tuberculosis drugs for the treatment of cutaneous 

tuberculosis does not exist.  In this study clofazimine, artemisone and decoquinate were prepared 

separately and in combination with one another in nano-emulsions containing natural oils.  This 

study shows that the three compounds can be combined successfully without drug-drug or drug-

oil incompatibility. 
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Pre-formulation of nano-emulsions containing clofazimine, artemisone and decoquinate 

together with natural oils for topical applications 

Objective: To assess the solubility, compatibility and characterization of clofazimine (CLF), 

artemisone (ART) and decoquinate (DQ) in nano-emulsions containing natural oils. 

Significance: CLF, ART and DQ can now be combined in a formulation for the possible future 

treatment of cutaneous tuberculosis (CTB) 

Methods: Solubility determination was done in triplicate in 9 different solvents at 32±1°C.  

Compatibility studies with all the possible active pharmaceutical ingredient (API)/excipient 

combinations were done by means of hot-stage microscopy (HSM) and isothermal 

microcalorimetry.  Nano-emulsion characterization included the testing of pH, viscosity, 

morphology, zeta-potential, drug entrapment efficiency and droplet size. 

Results: CLF, ART and DQ are poorly to completely insoluble in water (0.05 µg/ml, 100.5 µg/ml 

and 0.00 µg/ml, respectively) and the best solubility was seen in tetrahydrofuran (THF) (143.41 

mg/ml, 194.19 mg/ml and 0.241 mg/ml, respectively).  At a pH of 5, CLF, ART and DQ unionized 

species were calculated to be 99.69%, 0.098% and 99.98%, respectively.  In terms of pre-

formulation studies all APIs are compatible with either olive or safflower oil, separately or in 

combination.  CLF and ART depicted some incompatibilities when combined with excipients such 

as Tween® 80 or Span® 60.  DQ showed no incompatibilities with either oils or excipients.  Zeta-

potential ranged from -30 mV to -38 mV, which indicated that the nano-emulsions were stable.  

Viscosity was very low and droplet sizes ranged from 83-130 nm.  Drug entrapment yielded very 

high percentages (>96%). 

Conclusions: No incompatibility was seen during microcalorimetry or HSM studies indicating 

that the APIs can be combined and used in the tested formulations.  Stable nano-emulsions 

containing natural oils can be formulated and incorporated with APIs such as CLF, ART and DQ 

for possible future topical delivery of CTB. 
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Introduction 

Tuberculosis (TB) is an contagious disease, primarily caused by airborne Mycobacterium 

tuberculosis1,2, which results in a chronic bloody cough, amongst other serious symptoms.  This 

highly contagious disease is life threatening and still leads to great global health problems.  At 

least one out of three individuals is infected worldwide3,4, with at least two million deaths and nine 

million new cases reported each year5.  However, although this is a disease with a high morbidity 

and mortality rate, most TB patients can be treated successfully through proper medicinal therapy6.  

TB primarily affects the lungs through M. bovis and the M. tuberculosis bacteria and can manifest 

in other body areas, such as the epidermis, referred to as cutaneous TB (CTB)7. TB manifests as 

an extra-pulmonary disease in about 8.4 to 13.7%, regardless of being such a prevalent infection.  

A small predominance of 1 to 2% of all cases involving extra-pulmonary TB consists of CTB8-10, 

nevertheless, when the extraordinary incidence of TB is taken into consideration in many 

developing countries, these statistics can become noteworthy11. 

Challenges are faced in TB treatment, since regimens are very lengthy and become limited in 

effectiveness, which affects the patient’s compliance to the treatment regimes. CTB is frequently 

unappealing and therefore has a significant impact on a patient’s societal and emotive welfare.  

The main limitation is that no topical medical treatment has been developed for CTB yet, 

nonetheless current oral regimes show worthy potential12. No complete effectiveness has been 

achieved for CTB.  Different active pharmaceutical ingredients (APIs), i.e. clofazimine (CLF), 

artemisone (ART) and decoquinate (DQ), were investigated during this study, for the possible 

promotion of future topical CTB treatments. Although future topical therapy will not substitute 

any systemic treatment, it is still necessary to investigate alternative compounds, which can be 

used as adjunct therapy to the normal TB treatment regimens.  Difficulty arises to treat patients 

while the progression of infection and antibiotic resistance4,13 develops leading to multidrug-

resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB)14-16. The amplified 
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occurrence of MDR-TB creates a critical necessity for alternative therapy regimens, as well as new 

effective anti-tuberculosis drugs17. 

CLF is a poorly water soluble redox API, which belongs to the riminophenazine class19,21.  

Marketed as an anti-mycobacterial drug for the treatment of leprosy18, it also has proven anti-

inflammatory19 and dye properties20.  Even though CLF crystallizes out of the macrophage, it still 

shows in vitro activity against Mycobacterium tuberculosis MDR-TB21- 23. Currently, it is included 

in the World Health Organizations (WHO) recommended triple drug regime for the treatment of 

multi-bacillary leprosy24. 

ART is also known as a 10-alkylaminoartemisinin, which can be synthesized from 

dihydroartemisinin in a one-step process25.  No metabolic stability, neurotoxicity or increased 

plasmodial activity is seen in ART26. Three metabolites (M1, M2 and M3) are primarily acquired 

from the metabolizing process by cytochrome 3A4 (CYP3A4) in the liver and possess inherent 

anti-malarial activity27 and attributable to their diminutive half-lives, they should be combined 

with other compounds to increase their half-lives28. 

DQ is a 4-hydroxy quinolone approved veterinary drug29. The compounds mechanism of action 

is to disrupt mitochondrial cytochrome system electron transport and respiration in coccidia30,31.  

No anti-TB activity has been established for DQ yet, but it is incorporated as a third component 

due to its high lipophilicity.  The rationale of the compounds being combined is that ART 

(oxidant drug) generates a pulse of reactive oxygen species/reactive oxygen-nitrogen species 

(ROS/RONS) by terminating reduced deazaflavin. It can also cause a cytotoxic effect by 

diverting electron supply from the nicotinamide adenine dinucleotide phosphate-oxidase 

(NADPH) in mycothiol reductase (MR).  CLF (redox drug) enhances the oxidative stress by 

scavenging electron supply from NADPH caused by the oxidant drug also producing a cytotoxic 

effect.  Consequently, CLF will intensify the ART’s drug mechanism32.  In this combination, the 

function of DQ will complement the mechanisms of the aforementioned compounds, where it 

will disrupt the electron transport33,34. 
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Materials and methods 

Materials 

CLF and ART were kindly donated from Cipla (India), whilst DQ was obtained from the Hohance 

(Shanghai, China).  Safflower and olive oil were purchased from CJP Chemicals (Johannesburg, 

South Africa).  Analytical grade acetonitrile (ACN), Span® 60 and Tween® 80 were obtained from 

Merck (Johannesburg, South Africa). Absolute ethanol (99.7%) was obtained from Associated 

Chemical Enterprises (Johannesburg, South Africa). Potassium dihydrogen phosphate, sodium 

hydroxide, acetone, methanol, isopropanol, tetrahydrofuran and Tris (hydroxymethyl) 

aminomethane, sodium octanesulfonic-acid, and ammonia were all of analytical grade and 

purchased from Merck (Johannesburg, South Africa).  The water used in this study was purified 

by a Milli-Q® water purification system from Millipore (Milford, USA). 

Solubility of compounds 

Equilibrium solubility concentrations of CLF, ART and DQ were determined in nine different 

solvents. Solubility studies were done to determine which solvent would be exceptionally suitable 

to dissolve all three APIs simultaneously, since CLF’s and DQ’s solubility is particularly poor in 

most aqueous diluents35,36.  The solvents used for the solubility study were absolute ethanol 

(99.7%), ACN, acetone, methanol, phosphate buffer solution (pH7.4), propan-2-ol (isopropanol), 

Tris buffer solution (pH 7.5), tetrahydrofuran (THF) and water. The solubility concentrations of 

all three drugs were determined in the manner described below.   

An excess amount of drug was placed in a test tube with 5 ml of the solvent; thereafter the tube 

was placed in a water bath continuously mixing at 32°C ± 1°C (temperature of skin surface) for 

24 hrs. Throughout the study, the tubes were checked regularly to ensure that an excess amount of 

drug was still present within the sample.  After 24 hrs, the solution was filtered through a 0.45 µm 

membrane filter.  Ethanol was used to dilute the solution if needed to prevent precipitation. 

Subsequently, the samples were transferred to HPLC vials to be analysed by means of HPLC 

analysis. For each drug and solvent combination, the experiment was performed in triplicate. 
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Chromatographic conditions 

An Agilent® 1100 Series HPLC was used, which consisted of an Agilent® 1100 pump, diode array 

detector, autosampler injection mechanism and ChemStation Rev. A.10.02 software for data 

acquisition and analysis (Agilent Technologies, USA). A Restek Ultra C18 fully end-capped 

reversed phase column (250 x 4.6 mm, 5 µm) was used as stationary phase (Restek Corporation, 

USA). The HPLC analyses were done by applying a gradient method.  Mobile phase A consisted 

of  0.005 M sodium 1-octanesulfonate solution, 2% v/v 2 M ammonia solution with the  pH 

adjusted to 3.5 with 2 M phosphoric acid and HPLC grade ACN (mobile phase B).  The flow rate 

for both mobile phases was set at 1 ml/min at 35% for A and 65% for B for 2 min.  After 4 min 

the gradient shifted to 10/90% (A:B).  Initial conditions were regained to 35/65% after 10 min.  

The UV detection was set at 210 nm and 284 nm and 20 µl was used as the injection volume.  The 

run time was set at 15 min and retention times were approximately 6.3 min, 7.3 min and 9.8 min 

for CLF, ART and DQ, respectively.  For sample preparation, all three APIs were dissolved in 

ethanol (99.7%). The prepared samples were subsequently filtered through a 0.45 µm 

polyvinylidene fluoride (PVDF) filter37. 

Compatibility studies 

Compatibility between APIs and excipients are of utmost importance, since the stability and 

therefore subsequent bioavailability of the dosage forms can be affected. These studies determined 

potential physical, as well as chemical interactions between a compound and the excipient38. 

Hot stage microscope (HSM) 

A Nikon Eclipse E4000 microscope, fitted with a Nikon DS-Fi1 camera (Nikon, Japan) and a 

Linkam THMS600 heating stage, equipped with a T95 LinkPad temperature controller (Surrey, 

England), was used for HSM experiments.  A small amount of sample was placed on the center of 

a glass microscope slide. The sample was heated at a rate of 10°C/min and photomicrographs were 

taken during the heating process. 

Isothermal microcalorimetry 
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Compatibility testing was done by means of a 2277 thermal activity monitor (TAMIII) (TA 

Instruments, USA), equipped with an oil bath, with a stability of ±100 µK over 24 hrs.  For 

compatibility studies, the heat flow was measured for the individual constituents, as well as the 

combinations.  Approximately 50 mg of each sample to be analyzed was weighed into a glass 

ampoule and subsequently sealed.  The compatibility testing was performed at 32°C 

Preparation of nano-emulsions 

Nano-emulsions were prepared in the ratios provided in Table 1 and 2.  Prior to formulation, all 

the ingredients were accurately weighed.  The nano-emulsions were prepared by mixing Tween® 

80 and water (water phase) in a beaker.  In another beaker, Span® 60 and olive or safflower oil 

(oil phase) were mixed.  Both mixtures were mixed using a magnetic stirrer hotplate (60°C).  

After the temperature of 60°C was reached and each phase was stable after 15 min of mixing, the 

oil phase was added very slowly to the water phase, while continuing to mix at a constant stirring 

speed and maintaining the temperature at 60°C.  Subsequently, it was placed in a beaker with ice 

and sonicated for 10 min at a power of 40 Watt39.  Subsequently the following emulsions were 

made, i.e. safflower and CLF (S1), safflower and ART (S2), safflower and DQ (S3), safflower 

combined with CLF, ART and DQ (S4), olive and CLF (O1), olive and ART (O2), olive and DQ 

(O3) and olive combined with CLF, ART and DQ (O4). 

 

[Table 1 near here] 

[Table 2 near here] 

Characterization of nano-emulsion dispersions 

The physical characterization of the nano-emulsion dispersions were performed according to the 

following parameters: pH, viscosity, droplet size, zeta-potential and drug entrapment efficiency. 

pH 
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The pH of the formulations was determined by means of the Mettler Toledo SevenMulti pH 

meter (InLab® 410 NTC electrode 9823) (Greifensee, Switzerland).  Accuracy of the pH meter 

was verified by calibration each time prior to use. 

Viscosity 

The viscosity was determined using a Brookfield® Viscometer (Stoughton, USA).  A water bath 

was connected to the viscosity meter and by means of a Brookfield® temperature controller, the 

temperature was maintained at 25.0±0.5°C.  The consistency of the formulations was very thin 

and therefore a CS-14 spindle was used to ensure appropriate torque. The Helipath stand 

(D20733) rose and lowered the spindle at a rate of 7/8 inch/min.  During this time, the T-bar 

spindle rotated at 100 rpm in the formulation.  Viscosity readings were taken every 10 sec over a 

period of 5 min.  Subsequently, the mean viscosity value for each formulation was calculated. 

Droplet size 

A Zetasizer Nano ZS (Malvern® Instruments LTD, Worcestershire, UK) was used to determine 

the droplet size of the formulations at ambient temperature.  Triplicate samples were prepared 

and analyzed. 

Zeta-potential 

The zeta-potential for each formulation was determined at ambient temperature by means of the 

Zetasizer Nano ZS (Malvern® Instruments LTD, Worcestershire, UK). Samples were prepared and 

analyzed in triplicate. 

Drug entrapment efficacy 

The entrapment efficiency (EE%) was used to determine the difference between the total amount 

of the drug and the free drug in a sample. The eight nano-emulsion samples were centrifuged at 

25 000 rpm for 90 min at room temperature (23.0°C ±0.5°C), using an Optima™ L-100 XP 

ultracentrifuge (Beckman Coulter, California, USA). The free drug (supernatant fluid) was 

separated from the nano-emulsion dispersions containing the entrapped drug (sediment material), 
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thereafter free and trapped drug were determined by means of HPLC analyses.  Consequently, by 

using the following equation, drug entrapment was determined40. 

Drug entrapment (%) = {(drugtotal − drugsupernatant) ÷ drugtotal} × 100 (1) 

Results 

Solubility determination/assay 

The determined solubility concentrations of CLF, ART and DQ in nine different solvents were 

presented in Table 2.  CLF, ART and DQ were very poor to insoluble in water.  ART contained 

the highest solubility in ACN (201.6 mg/ml), CLF and DQ in THF (143.4 mg/ml and 0.241 

mg/ml). 

 

[Table 3 near here] 

Compatibility studies 

It is considered common practice to perform differential scanning calorimetry (DSC) analysis 

during compatibility studies, however when the API or excipients that need to be analyzed are in 

liquid form, it poses problematic to rely on DSC analyses.  The only combinations that may be 

tested effectively during this study, by means of DSC analysis, are the combination of the ART, 

CLF and DQ.  If the melting points of the three compounds are however taken into consideration, 

it is clear that DSC analyses will not provide useful information pertaining to possible interactions 

because ART starts to melt at 137°C.  This subsequently could result in the solubilization of CLF 

and DQ in the molten ART, thereby showing no melting endotherms of the CLF and DQ; this will 

mistakenly be identified as an incompatibility.  It was therefore decided that a more-visual method, 

such as hot stage microscopy in combination with isothermal microcalorimetry, would provide the 

best data for the identification of possible incompatibilities. 

Hot-stage microscopy 

[Figure 1 near here] 

 



 

 
51 

 

The HSM micrographs with corresponding melting points are depicted in Figure 1.  When all three 

APIs were combined, it was observed that ART first starts to melt, whereas CLF and DQ start to 

dissolve in the liquefied ART, thereby resulting in a molten solubilized mass. No crystallization, 

unexplainable thermal event or phase transitions were identified during the HSM observation of 

the three APIs or the combination thereof. 

Isothermal microcalorimetry 

The microcalorimetry results are represented in Table 4.  Figures 2 depicts the incompatibilities 

(heat flow versus time data) which were found during the microcalorimetry study.  All samples 

were tested in a combination ratio of 1:1 (w/w), at a temperature of 32°C.  Table 4 represents the 

interaction heat flow between the combinations, and whether there was any incompatibility 

identified. Should any interaction or incompatibility arise, there would be clear and pronounced 

deviations visible from the slopes of the individual curves and the measured heat flow would differ 

substantially from the calculated heat flow error.  As can be seen in Fig. 2, when surface-active 

agents, such as Span® 60 or Tween® 80 are added, the compatibility of some combinations are 

significantly affected. 

Individual combinations of CLF, ART and DQ were tested in combination with each other, as well 

as in combination with either olive or safflower oil and no conflicts were noticed for any API with 

oil combination.   The aforementioned indicates that the APIs can be combined with the two natural 

oils separately and in combination with no incompatibility.  The same trend was seen with ART, 

as well as with DQ, in combination with either olive or safflower oil.  The same results were found 

where all three APIs were combined in either safflower oil or olive oil.  When the APIs were 

separately combined with Span® 60, no incompatibility occurred. When CLF was combined with 

Span® 60 in combination with either olive or safflower oil no incompatibility was observed. 

Incompatibility was however observed when CLF was combined with Tween® 80 (Fig. 2a), as 

well as in combination with either safflower (Fig. 2b) or olive oil (Fig. 2c).  ART depicted more 

incompatibility when combined separately with Tween® 80 (Fig. 2d).  The same results were seen 
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when ART combined with Span® 60 with either safflower (Fig. 2e) or olive oil (Fig. 2f).  DQ 

showed no incompatibility when combined separately with Tween® 80 or Span® 60, or the 

combination of the surfactants with the different oils.  Consequently, it can be assumed that all 

three APIs, either in single, combination or multiple combinations are compatible. 

[Figure 2 near here] 

 

[Table 4 near here] 

Nano-emulsion formulation 

All nano-emulsions had a homogenous texture, with no phase separation, creaming or aggregation. 

Physicochemical Properties 

Table 5 depicts the results obtained from the physicochemical properties of the nano-emulsions. 

 

[Table 5 near here] 

pH 

At a pH of 5, CLF, ART and DQ were dissociated at 99.69%, 0.098% and 99.98%, respectively.  

ART would indicate some difficulty to permeate through the skin, but CLF and DQ indicated they 

would permeate adequately41. 

Viscosity 

The viscosity readings of all the formulations were very low (2.56-2.73 cP) and this could be 

attributed to the high water content (95%), as well as the low amount of Tween 80 and oil used in 

the formulations42. 

Droplet size 

The measured droplet sizes ranged from 83 to 130 nm for the formulations; this falls within the 

acceptable range for emulsions (10 nm to 10 µm).  For topical delivery, accumulation of the 

compound within the skin is preferred.  Studies report that when the size of the droplet changes, 

there is a change in total area of the dispersed phase43 and the droplet size decreases when the 
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entrapment efficiency increases44.  Due to the hydrophilic and hydrophobic nature of the nano-

emulsions when droplets sizes are nano-ranged, it can permeate the skin without much effort and 

in turn can permeate the hydrophilic and hydrophobic strata of the skin45. Easy transport abilities 

is another characteristic of small droplet sizes, since they penetrate a great surface area46 and 

support better drug targeting and absorption47.  Permeation, which may aid in increased 

bioavailability, is enhanced by nano-emulsions, since they have the capacity to solubilize large 

parts of hydrophilic drugs48. 

Zeta-potential 

When zeta-potential values range from below -30 mV to above 30 mV, the suspension is stable49.  

Results differ from -30 mV to -38 mV, which is in the acceptable range above 30 mV or below -

30 mV, indicating the nano-emulsion formulations were stable. 

Drug entrapment efficiency 

Table 5 illustrates all the formulations had a high drug entrapment efficiency of >91%, indicating 

the APIs were dispersed through the nano-emulsions. 

Discussion 

TB related alternative drug therapy has gained significant interest over the past few years due to 

multidrug resistant and extreme drug resistant infections caused by lengthy treatment and poor 

patient compliance4,13.  To date, CLF, ART and DQ have never been characterized in nano-

emulsions.  Furthermore, there is no literature available on compatibility studies of CLF, ART and 

DQ, which may hold great clinical significance for the possible future treatment of CTB.  In this 

study, we have characterized the solubility profile of CLF, ART and DQ and found CLF and DQ 

are the most soluble in THF and ART in ACN.  These results are consistent with prior finding of 

poor solubility in water50, 51 of CLF and DQ.  Results obtained can be prescribed to the high 

lipophilicity of these two APIs50,52.  Data obtained from the compatibility studies shows that all 

three APIs can be incorporated in natural oils, separately and in combination, with no interaction 

or incompatibility observed; data obtained from the HSM confirmed these results. Therefore, it 
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can be inferred that all three APIs, either in single, combination or in multiple combinations 

containing all three APIs, are compatible with each other as well as the natural oils.  The 

incompatibilities can possibly be explained by the use of excipients, such as Tween® 80 and Span® 

60, which have chemical and physical interactions and can affect the stability, the bioavailability 

and the chemical nature of the API and consequently, involuntary increased effects of drug 

degradation53,54.  It is acknowledged that the chemical compatibility of a binary API mixture might 

vary from a multicomponent sample formulation indicating incompatibility and therefore in future, 

an alternative is to test sample formulations55. 

High entrapment efficiency was observed in all eight nano-emulsions.  Droplet sizes were all in 

range, the nano-emulsions were also stable as can be seen by the zeta-potential values, but they all 

had very low viscosity possibly due to the low concentration of Tween® 80 and oil used. The study 

shows that CLF, ART and DQ can effectively be incorporated in nano-emulsions containing 

natural oils and further investigation is needed into in vivo studies with these nano-emulsions to 

confirm whether they can be used as a possible treatment for CTB. 

Conclusion 

In this study, we investigated the solubility of CLF, ART and DQ in nine different solvents, 

performed compatibility studies by means of HSM and microcalorimetry and tested the nano-

emulsion’s physicochemical properties, including the pH, zeta-potential, viscosity, droplet size 

and drug entrapment efficiency.  CLF and DQ had the highest solubility in THF, whilst ART had 

the highest solubility in ACN.  No incompatibilities were observed between the individual APIs 

during HSM studies, or when they were tested separately or in combination with the natural oils, 

but there were some during microcalorimetric analyses, when the APIs were combined with 

surface-active agents, such as Span® 60 and Tween® 80.  Nano-emulsions were stable and had 

acceptable droplet sizes. Viscosity was very low due to the small amount of oil and Tween® 80 

used. Drug entrapment was very high ranging from 91 to 99%.  The pre-formulation studies 
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delivered an additional understanding about the physical and chemical properties of CLF, ART 

and DQ separately and in combination. 
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Tables 

Table 1:  Formula used during the formulation of the nano-emulsions containing olive oil 

Nano-emulsion Water phase Weight (w/v) Oil phase Weight (w/v) 

O1 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Olive oil 

Span® 60 

Clofazimine 

10% (4.6 ml) 

1000.0 mg 

61.5 mg 

O2 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Olive oil 

Span® 60 

Artemisone 

10% (4.6 ml) 

1000.0 mg 

179.8 mg 

O3 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Olive oil 

Span® 60 

Decoquinate 

10% (4.6 ml) 

1000.0 mg 

1.9 mg 

O4 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Olive oil 

Span® 60 

Clofazimine 

Artemisone 

Decoquinate 

10% (4.6 ml) 

1000.0 mg 

70.8 mg 

379.2 mg 

8.1 mg 
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Table 2:  Formula used during the formulation of the nano-emulsions containing olive oil 

Nano-emulsion Water phase Weight (w/v) Oil phase Weight (w/v) 

S1 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Safflower oil 

Span® 60 

Clofazimine 

10% (4.6 ml) 

1000.0 mg 

72.1 mg 

S2 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Safflower oil 

Span® 60 

Artemisone 

10% (4.6 ml) 

1000.0 mg 

199.3 mg 

S3 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Safflower oil 

Span® 60 

Decoquinate 

10% (4.6 ml) 

1000.0 mg 

3.4 mg 

S4 
Water 

Tween® 80 

40.0 ml 

3.6 ml 

Safflower oil 

Span® 60 

Clofazimine 

Artemisone 

Decoquinate 

10% (4.6 ml) 

1000.0 mg 

136 mg 

210.4 mg 

8.4 mg 
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Table 3:  Solubility (µg/ml) of clofazimine, artemisone and decoquinate in selected solvents 

 Clofazimine Artemisone Decoquinate 

Acetone 2.18 ± 0.02 105.92 ± 6.52 0.02 ± 0.00 

Acetonitrile 1.21 ± 0.06 201.96 ± 2.97 0.01 ± 0.00 

Ethanol 1.83 ± 0.02 44.60 ± 1.51 0.18 ± 0.00 

Isopropanol 1.02 ± 0.04 26.35 ± 0.75 0.16 ± 0.02 

Methanol 0.83 ± 0.01 46.54 ± 0.33 0.16 ± 0.00 

THF 143.41 ± 0.06 194.19 ± 0.05 0.24 ± 0.03 

Tris 0.00 ± 0.00 0.1 ± 0.00 0.00 ± 0.00 

PBS 0.00 ± 0.00 0.09 ± 0.00 0.00 ± 0.01 

Water 0.00 ± 0.000 0.10 ± 0.00 0.00 ± 0.00 
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Table 4:  Interaction heat flow results of TAM 

Formulation Interactive heat flow (µW/g) Incompatibility identified 

CLF and olive oil 2.330 ± 2.806 None 

CLF and safflower oil 2.159 ± 2.592 None 

CLF and Tween® 80 65.86 ± 0.00 Possible incompatibility 

CLF, Tween® 80 and safflower 

oil 
-27.71 ± 36.35 Possible incompatibility 

CLF, Tween® 80 and olive oil 3580 ± 0.00 Possible incompatibility 

CLF and Span® 60 6.82 ± 7.46. None 

CLF, Span® 60 and  

safflower oil 
-19.14 ± 25.41 None 

CLF, Span® 60 and olive oil -22.42 ± 29.83 None 

ART and olive oil 16.79 ± 16.82 None 

ART and safflower oil 20.89 ± 20.91 None 

ART and Tween® 80 93.43 ± 0.00 Possible incompatibility 

ART, Tween® 80 and safflower 

oil 
69.82 ± 70.61 None 

ART, Tween® 80 and  

olive oil 
93.26 ± 95.16 None 

ART and Span® 60 -6.43 ± 6.68 None 

ART, Span® 60 and safflower 

oil 
48.47 ± 53.42 Possible incompatibility 

ART, Span® 60 and olive oil 77.32 ± 85.45 Possible incompatibility 

DQ and olive oil 4.25 ± 4.39 None 

DQ and safflower oil 4.515 ± 4. 67 None 
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DQ and Tween® 80 2.63 ± 8.37 None 

DQ, Tween® 80 and safflower 

oil 
17.84 ± 20.11 None 

DQ, Tween® 80 and olive oil 8.50 ± 12.23 None 

DQ and Span® 60 13.35 ± 15.39 None 

DQ, Span® 60 and  

safflower oil 
0.713 ± 1.150 None 

DQ, Span® 60 and olive oil -7.64 ± 9.11 None 

Olive oil combination of CLF, 

ART and DQ 
16.54 ± 16.59 None 

Safflower oil combination of 

CLF, ART and DQ 
13.04 ± 13.12 None 
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Table 5:  Characterisation results of the nano-emulsions 

Formulations pH Viscosity(cP) Droplet size 

(nm) 

Zeta-

potential 

(mV) 

Drug 

entrapment 

efficiency 

(%) 

O1 5.01 ± 0.10 2.59 ± 0.50 101.36 ± 

2.05 

-33.3 ± 1.10 94.12 ± 1.20 

S1 5.10 ± 0.05 2.91 ± 0.08 126.47 ± 

1.75 

-30.00 ± 0.10 91.35 ± 1.38 

O2 5.15 ± 0.07 2.60 ± 0.08 101.47 ± 

1.56 

-36.60 ± 0.12 96.30 ± 1.01 

S2 5.08 ± 0.02 2.62 ± 0.05 104.63 ± 

1.42 

-37.90 ± 0.05 98.95 ± 2.05 

O3 5.30 ± 0.08 2.72 ± 0.08 91.39 ± 1.30 -35.40 ± 0.80 93.01 ± 1.45 

S3 5.24 ± 0.04 2.73 ± 0.03 83.61 ± 1.72 -34.40 ± 1.33 91.90 ± 0.99 

O4 5.19 ± 0.08 2.63 ± 0.07 83.05 ± 0.90 -32.00 ± 1.28 94.12 ± 2.40 

96.30 ± 1.34 

93.01 ± 1.57 

S4 5.26 ± 0.07 2.56 ± 0.08 88.14 ± 1.52 -30.1 ± 0.05 94.42 ± 1.20 

98.5 ± 1.75 

98.02 ± 1.35 
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Figure 1:  Micrographs obtained from HSM observations with corresponding temperatures 

20.8°C 230.0°
C 

242.2°
C 

CLF 

ART 

34.9°C 137°C 162°C 

34.5°C 249.5°
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250.7°C 

DQ 
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C 

189.7°
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Combined raw 
materials 
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DQ) 
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Figure 2: a) Heat flow versus time graph obtained for a 1:1 combination of CLF and Tween® 80,  

b) heat flow versus time graph obtained for a 1:1 weight combination of CLF, Tween® 80 and 

safflower oil, c) heat flow versus time graph obtained for a 1:1 weight combination of CLF, 

Tween® 80 and olive oil, d) heat flow versus time graph obtained for a 1:1 weight combination of 

ART and Tween® 80, e) heat flow versus time graph obtained for a 1:1 weight combination of 

ART, Span® 60 and safflower oil and f) heat flow versus time graph obtained for a 1:1 weight 

combination of ART, Span® 60 and olive oil. 
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Chapter 5 is written in article format for the purpose of publication in the International Journal of 

Pharmaceutics and the authors guide is stipulated in Appendix F.  For ease of reading the 

paragraphs of this chapter have been justified. 

Chapter 5: 

Article for the publication in “The International Journal of Pharmaceutics” 
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Abstract 

Cutaneous tuberculosis which only makes up a minor percentage (1-2%) of tuberculosis patients, 

is still of utmost importance, since TB causes death of nearly 2 million patients each year of which 

2 billion patients are infected worldwide.  The aim of this study was to formulate novel nano-

emulsions for the topical delivery of clofazimine (CLF), artemisone (ART) and decoquinate (DQ).  

Membrane release studies were performed, which were followed by skin diffusion studies and 

tape-stripping studies to determine the release of the active pharmaceutical ingredient (API) from 

the nano-emulsions.  By using Franz cells, the skin diffusion studies were employed.  By using 

the lactate dehydrogenase (LDH) assay, in vitro toxicity studies were done on immortalised 

human keratinocytes (HaCaT) cell line to determine the possible cell death caused by the APIs 

itself and the carrier system incorporated with the different APIs.  No concentration of APIs was 

found in the receptor phase during the membrane release and skin studies.  During tape-stripping 

studies, it was evident that the APIs accumulated within the stratum corneum-epidermis and the 

epidermis-dermis.  During the in vitro studies, it was evident that all nano-emulsions were non-

cytotoxic (p<0.05).  In vitro studies on Mycobacterium strains performed exceptionally well where 

all nano-emulsions depicted %inhibition. 

Keywords: Cutaneous tuberculosis, clofazimine, artemisone, decoquinate, nano-emulsions, 

natural-oils 
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1  Introduction  

Tuberculosis (TB) is one of the most prevalent and lethal infectious diseases in the world (Hurtley 

& Ash, 2010), causing approximately 1.7 million deaths worldwide in 2016, and nearly one-quater 

of the world’s populace are currently infected with the bacterium (WHO., 2018). 

Cutaneous tuberculosis (CTB) involves only a minor percentage (1-2%) in all cases of TB.  

Nonetheless, considering the increase in incidence of TB in numerous evolving countries, these 

statistics become substantial (Bravo & Gotuzzo, 2007).  There is a need for novel drugs and other 

therapeutic methods, since current anti-tuberculosis therapeutics are not adequately effective 

against multidrug-resistant tuberculosis (MDR-TB). Consequently, to improve therapeutic 

options, it has been proposed that second-line treatment, i.e. clofazimine (CLF), can be 

repurposed for the treatment of MDR-TB (Dey et al., 2013). The leading difficulty of most second-

line drugs is the insufficient effectiveness, as well as undesirable toxicity profiles (Dooley et al., 

2013). 

CLF can be classified as a riminophenazine antibiotic with a hydrophobic character (WHO, 2011), 

which possesses immune-pharmacological, pro-oxidative and anti-inflammatory properties 

(Reddy et al., 1999).  CLF exhibits a half-life of 65 to 70 days. This compound has gained some 

interest over years as an anti-mycobacterial drug, which has shown increased success in clinical 

studies for diseases caused by Mycobacterium leprae, Mycobacterium avium complex and 

Mycobacterium kansasii (Cholo et al., 2012; Telles et al., 2005). Current in vitro and in vivo 

regimes indicate good effectiveness and low toxicity against MDR-TB mycobacterial strains (Dey 

et al., 2013; Jagannath et al., 1995). 

Artemisone (ART), a semi-synthetic second generation derivate of artemisinin, does not show 

any neurotoxicity in both in vitro and in vivo assays (Guiguemde et al., 2014; Ramharter et al., 

2006).  Physicochemical property values of ART, such as an octanol-buffer distribution coefficient 

(log D) and aqueous solubility, limits transdermal drug delivery (Haynes et al., 2006). 

Decoquinate (DQ), which belongs to the quinolone class (Wiiliams, 2006), is implemented as an 

anti-coccidial drug and currently used for avian coccidiosis prevention; it also has an effect on 

secondary early schizonts (Wiiliams, 1997). DQ possibly complements ART and CLF, as its 
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mechanism affects the disruption of electron transport in the coccidian system within the 

mitochondrial cytochrome leading to the suppression of resistance (Mikota & Plumb, 2014). 

One of the most important functions of the skin is to form an active barrier between indigenous 

and exogenous substances.  The stratum corneum, which is known as the upper layer of the skin, 

is mostly lipophilic and consists of macrophages, acids, lipids, hydrolytic enzymes and anti-

microbial peptides (Proksch et al., 2008).  Difficulty arises when active pharmaceutical ingredients 

(APIs) have low penetration abilities to overcome the intrinsic barrier of the human skin, which 

leads to restricted drug uptake and low permeation rates (Lam & Gambardi, 2014). Permeation 

of the skin is possible if the API possesses ideal physicochemical properties.  APIs should 

possess both lipophilic qualities (to permeate the stratum corneum) and hydrophilic properties (to 

permeate to the other hydrophilic layers of the skin to reach the blood stream) (Colombo et al., 

2013; Naik et al., 2000).  According to Naik et al. (2000), other properties, such as log D (1 < log 

D < 3), molecular weight (< 500 g/mol) and aqueous solubility (> 1 mg/ml), are needed for 

successful skin permeation.  By looking at the log D of CLF (7.66) (Pharmacopeia, 2014), ART 

(2.49) (Dunay et al., 2009) and DQ (7.80) (Chembase, 2014), only ART shows a favourable log 

D to permeate the skin.  Observing the aqueous solubility of CLF (10 mg/l) (Pharmacopeia, 2014), 

ART (89 mg/l) (Dunay et al., 2009; Steyn et al., 2011) and DQ (no data), none of the APIs show 

favourable aqueous solubility to permeate the skin.  As a possible way to improve the permeation 

of these compounds, natural oils will be used, i.e. safflower and olive oil. 

Natural oils, are purported to promote the delivery of both lipophilic and hydrophilic APIs (Williams 

& Barry, 2012), since natural oils and human skin (stratum corneum) both contain linoleic acid 

(C18 fatty acid) (Dingler & Gohla, 2002), which can disturb intercellular lipid packaging and in turn, 

increase penetration (Williams & Barry, 2012). Recently nano-emulsions have established to be 

effective in transdermal and topical delivery, which have shown great potential as a delivery 

system for a variety of lipophilic and hydrophilic drugs (Lui et al., 2016; Parikh & Patel, 2016; Sanz 

et al., 2015; Tan et al., 2015).  Advantages of nano-emulsions include excellent solubilisation 

capacity for a variety of drugs, higher entrapment with small droplet size, effortlessness 
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preparation, visual stability and clarity, which makes nano-emulsions attractive applicants as drug 

delivery systems (Chime et al., 2014). 

The aim of the study was to formulate eight different nano-emulsions, containing either olive oil 

or safflower oil, with CLF, ART and DQ as the APIs separately and in combination in order to 

investigate the topical drug delivery since the epidermis-dermis is the target site for CTB.  The 

nano-emulsion containing safflower oil consisted of CLF (S1), ART (S2) and DQ (S3), the 

combination of all three APIs (S4) and without APIs (placebo: S5), while the nano-emulsions 

containing olive oil comprised CLF (O1), ART (O2) and DQ (O3), the combination of all three APIs 

(O4) and without APIs (placebo: O5).  Tape-stripping studies offer insight into whether nano-

emulsions containing natural oils could be used as penetration enhancers for the topical delivery 

of the selected APIs. 

2  Materials and methods 

2.1  Materials 

CLF and ART were generously donated by Sangrose Laboratories Pvt Ltd (India) for the flagship 

programme. DQ was acquired from Hohance (Shanghai, China). Natural oils (safflower-and olive 

oil) were obtained from CJP Chemicals (Johannesburg, South Africa).  Absolute ethanol (99.7%) 

was obtained from Associated Chemical Enterprises (South Africa). Span® 60 and Tween® 80, as 

well as sodium hydroxide (NaOH) and orthophosphate, used for the preparation of phosphate 

buffered solution (PBS), were supplied by Merck Laboratory Supplies (Midrand, South Africa).  

Deionised high-pressure liquid chromatography (HPLC) grade water (Millipore, Milford, USA) was 

used throughout this study.  The immortalised human keratinocytes (HaCaT) cell line, which was 

used during the cell culture cytotoxicity studies, was received as a gift from the University of the 

Witwatersrand (WITS).  Growth media was obtained from HyClone™ (GE Healthcare Life 

Sciences, South Logan, Utah), which included preparations such as Non-Essential Amino Acids, 

Dulbecco’s modified eagle medium (DMEM), L-glutamine, phosphate buffered saline (1x) and 

foetal bovine serum.  Other consumables used during the cytotoxicity studies, such as Trypan 

Blue Solution, were obtained from Sigma-Aldrich® (St. Louis, Missouri), Penicillin/Streptomycin 
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(Pen/Strep) and Trypsin-Versene® (EDTA) from Lonza™ (Basel, Switzerland) and the CytoTox 

96® Non-Radioactive Cytotoxicity Assay Kit from Promega™ (Madison, Wisconsin). 

2.2  Methods 

2.2.1  Nano-emulsion preparation 

Table 1:  Formulas for the nano-emulsion containing olive oil 

 

Table 2:  Formulas for the nano-emulsion containing safflower oil 

 

Tables 1 and 2 provide the quantities used for the formulation of the nano-emulsions.  All the 

ingredients were accurately weighed prior to formulation. The nano-emulsions were prepared by 

mixing Span® 60 and the natural oil (olive or safflower oil) (oil phase) in one beaker and Tween® 

80 and water (water phase) in another beaker; using a magnetic stirrer hotplate, both mixtures 

were mixed (60°C) separately.  Each phase was stable after 15 min of mixing and reached a 

temperature of 60°C.  Thereafter the oil phase was added very slowly to the water phase, while 

continuously mixing at a constant stirring speed.  The temperature was maintained at 60°C. 

Subsequently the nano-emulsions were placed in a beaker with ice and sonicated for 10 min at a 

power of 40 Watt (Borhade et al., 2012). 

2.2.2  Preparation of PBS (pH 7.4) 

During the skin diffusion studies, PBS (pH 7.4) was used as the receptor phase.  PBS (pH 7.4) 

was prepared by dissolving 3.025 g of NaOH in 800 ml of Milli-Q® water and 13.65 g of potassium 

dihydrogen orthophosphate (KH2PO4) in 500 ml of Milli-Q® water, according to the British 

Pharmacopoeia (BP) standards (BP, 2013a; BP, 2013b), separately in volumetric flasks each 

containing a magnetic stirrer.  Both solutions were placed on a magnetic stirrer and mixed 

continuously to ensure complete dissolution. Subsequently the NaOH solution was slowly added 

to the KH2PO4 solution and stirred continuously with a magnetic stirrer.  Milli-Q® water (700 ml) 

was added to make up to the volume of 2000 ml. If needed, the solution’s pH was set and adjusted 

to a pH of 7.4 using either NaOH or orthophosphoric acid.  The solution was filtered and degassed. 

2.2.3  HPLC analysis of clofazimine, artemisone and  decoquinate 
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A novel HPLC method had been developed and validated for the simultaneous analysis of CLF, 

ART and DQ.  The HPLC (Agilent 1200 Series) was equipped with an Agilent 1200 pump, a diode 

array detector, an auto sampler injection mechanism and ChemStation Rev. A.10.01 software for 

data analysis (Agilent Technologies, Palo, Alto, CA).  The UV-detector was set at a two different 

wavelengths of 210 nm for ART and DQ and 284 nm for CLF to be detected.  Two mobile phases 

were used in this study; mobile phase A consisted of 0.005 M sodium octanesulfonic acid (pH 

3.5) and mobile phase B of HPLC grade acetonitrile using gradient elution.  The injection volume 

was set at 2 µl and the flow rate at 1.0 ml/min with mobile phase A at 35% and mobile phase B 

at 65% for 2 min. This was followed by a gradient which was 10% (mobile phase A)/90% (mobile 

phase B) over a period of 4 min.  The initial gradient conditions were regained after 10 min to 35% 

(mobile phase A)/65% (mobile phase B).  The runtime was set at 15 min and individual peaks 

were identified for CLF, ART and DQ at 6.3 min, 7.3 min and 9.8 min, respectively.  Analytical 

tests were achieved in a laboratory with a measured setting of 25°C.  Limit of detection (LOD) 

values of CLF, ART and DQ were determined to be 0.04 µg/ml, 4.42 µg/ml and 0.70 µg/ml, 

respectively.  Limit of quantification (LOQ) was 0.05 µg/ml, 5.50 µg/ml and 4.00 µg/ml for CLF, 

ART and DQ, respectively (Du Preez et al., 2017).   

2.2.4  Standard preparation 

The standard preparation of CLF, ART and DQ was prepared by accurately weighing 7 mg of 

CLF, 40 mg of ART and 12 mg of DQ and thereafter transferring it to a 100 ml volumetric flask. 

The APIs were dissolved in 100 ml of absolute ethanol (99.7%) (Standard 1).  Standard 1 (5 ml) 

was taken and diluted to 50 ml with absolute ethanol (99.7%) (Standard 2), thereafter the two 

standard solutions were filtered into HPLC vials using 0.45 µm polyvinylidene fluoride (PVDF) 

filters. 

2.2.5  Physicochemical properties 

2.2.5.1  Aqueous solubility 

Aqueous solubility was determined by pre-heating the water bath to 32°C (temperature on top of 

the skin during a diffusion study).  Water was inserted in the separate test tubes with magnetic 

stirrers and an excess of CLF, ART and DQ was added to these and regularly checked to ensure 
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the solution was saturated throughout.  After 24 h, the solutions were removed then filtered using 

a 0.45 µm membrane filter; thereafter the solutions were centrifuged for 10 min at 5000 rpm and 

ethanol was added to prevent precipitation.  Samples were transferred from each test tube to 

HPLC vials to be analysed by means of HPLC.  This experiment was repeated in triplicate. 

2.2.5.2  Octanol-buffer distribution coefficient (l og D) 

The log D was determined by pre-weighing a certain mass of API which was added to 20 ml pre-

saturated n-octanol in a test tube; 3 ml of each solution was then transferred into a test tube 

followed by an equal volume of the extracted PBS (pH 7.4) phase and left to equilibrate overnight.  

From each separate test tube, 1 ml of the PBS-phase and the n-octanol-phase was extracted and 

placed into different test tubes and thereafter diluted in 10 ml of ethanol.  From each different test 

tube, 1 ml of diluted PBS (pH 7.4) solution and n-octanol solution was transferred into vials.  The 

concentration of the API was determined in each separate phase by means of HPLC. 

2.3  Characterisation of the nano-emulsions 

The eight formulations were characterised by measuring the following: viscosity, pH, entrapment 

efficiency, zeta-potential and droplet size. 

2.3.1 Droplet size, distribution and zeta-potential  

The droplet size and distribution, together with the zeta-potential of the individual formulations, 

were determined by means of the Zetasizer Nano ZS (Malvern® Instruments LTD, Worcestershire, 

UK).  The eight dispersions were tested at ambient temperature and samples were prepared in 

triplicate and analysed. 

2.3.2 pH 

The pH of the eight different nano-emulsions was determined by means of a Mettler Toledo 

SevenMulti pH meter (InLab® 410 NTC electrode 9823) (Greifensee, Switzerland).  The pH of 

each individual formulation was measured in triplicate at the same conditions (32°C) and accuracy 

was verified by calibrating the pH meter each time prior to use. 

2.3.3 Viscosity of the nano-emulsions 

The viscosity of the eight nano-emulsions was determined by using of a Brookfield® Viscometer 

(model DV II, Stoughton, Massachusetts, USA).  A rotating spindle determining resistance was 
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immersed in the formulation medium whilst spinning at a specific rate (measured in rpm).  The 

individual formulations were placed in a water bath, which was connected to the viscosity meter 

by means of a Brookfield® temperature controller to maintain the temperature at 25°C ±0.5°C.  

Each formulation was removed and positioned in the apparatus while the spindle (Stoughton, MA) 

was placed in the formulation.  A CS-14 spindle was used to ensure appropriate torque since the 

consistency of the formulations was very thin.  At a rate of 7/8 inch/min, the Helipath stand 

(D20733) rose and lowered the spindle.  Over a period of 5 min, viscosity readings were taken 

every 10 sec; after 30 readings were obtained, the mean viscosity value for each formulation was 

calculated. 

2.3.4 Entrapment efficiency (EE) 

The EE% was determined by transferring 10 ml of prepared nano-emulsion dispersions into 

Eppendorf® tubes, thereafter the samples were centrifuged at 3000 g for 30 min at room 

temperature using an Optima L-100 XP ultracentrifuge (Beckman Coulter, South Africa.  The 

resultant supernatant was extracted and diluted with 5 ml of ethanol absolute (99.7%).  The diluted 

supernatant (1 ml) was extracted and transferred to vials to be determined by means of HPLC. 

2.4  Diffusion experiments 

2.4.1  Membrane release studies 

To evaluate the different APIs release from the nano-emulsions, membrane release studies were 

conducted for the S1-S5 and O1-O5 nano-emulsions. The Franz cells consisted of a donor phase 

and a receptor phase, with a magnetic stirring rod placed into the latter (±2 ml).  To ensure no 

leaking took place, vacuum grease was placed on both the donor and the receptor phase.  

Synthetic PVDF membrane filters (FP Vericel, 0.45 µm, 25 mm, Pall®) were placed on the lower 

half of the Franz cells (receptor phase), thereafter the phases were placed together and secured 

with a horseshoe clamp.  During the experiment, nine Franz cells were used; two cells were used 

as the placebo (control) and the other seven consisted of the prepared nano-emulsions. The 

receptor phase was filled with PBS (pH 7.4), which mimics the temperature of the blood flow 

(37°C), and the donor compartment consisted of the prepared nano-emulsions at a temperature 

mimicking that of the skin (32°C).  To prevent any loss of the constituents, the donor compartment 
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was covered with Parafilm®.  The Franz cells were placed in a water bath, which was maintained 

at a temperature of 32°C, so diffusion could take place.  Every hour for 6 h, the receptor 

compartment was extracted with a syringe and refilled with PBS (pH 7.4) at 37°C. The samples 

were analysed by means of HPLC to determine the concentration of the API that permeated 

through the membrane within the receiver fluid (PBS) and the release rate could be determined 

for all the formulations. 

2.4.2  Skin preparation 

Full-thickness Caucasian abdominal skin (ethical approval reference number: NWU-00114-11-

A5) was collected from plastic surgeons following abdominoplastic surgery. Upon receipt, the skin 

was kept in a refrigerator at -20°C for a period of no more than 24 h to ensure the skin could be 

easily separated from the fatty layer.  The skin was dermatomed using a dermatome™ (Zimmer 

TDS, United Kingdom) with a thickness of 400 µm, then cut into circles (±15 mm in diameter) and 

placed on Whatman® filter paper to dry.  Aluminium foil was used to wrap to skin, which was then 

kept at -20°C in the freezer.  The frozen skin samples were thawed and visually examined for 

defects before diffusion studies commenced, and thereafter mounted on the diffusion apparatus. 

2.4.3  Skin diffusion 

Refer to Section 2.4.1.  Instead of a membrane filter, dermatome skin was used.  The skin was 

placed on the receptor compartment (stratum corneum facing upwards) and covered with the 

donor compartment.  PBS (pH 7.4) was used to fill the receptor compartment.  After a period of 

12 h, the entire receptor compartment was withdrawn. The API that permeated into the receiver 

fluid (PBS) through the skin was determined by analysing samples by means of HPLC (Baert et 

al., 2011). 
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2.4.4  Tape-stripping 

Tape-stripping studies were conducted once skin diffusion studies were completed, to determine 

to which extent CLF, ART and DQ permeated into the different layers of the skin.  The process is 

described as follows: all nine Franz cells were dismantled after skin diffusion studies and skin 

samples pinned onto a solid surface, which was covered with Parafilm® to ensure no leakage of 

the formulation onto the surface.  Residual formulation on the skin was carefully dabbed dry with 

paper towel (Walters & Brain, 2008).  3M Scotch® Crazy™ tape was cut into the same size as the 

diffusion area.  The first tape strip of fifteen, which was used per skin sample, was disposed of 

due to potential contamination with formulation remaining on the skin samples. The remainder of 

the skin sample strips were used to remove the stratum corneum-epidermis (SCE; upper layer of 

the skin containing API) until the skin glistened, after which the tape strips were transferred to 

separate polytops filled with 5 ml of absolute ethanol (99.7%).  The remaining skin samples 

(epidermis-dermis (ED)) were cut into smaller pieces and placed in separate polytops, which also 

contained 5 ml of ethanol absolute.  These polytops were left overnight, in a fridge at (±4°C), for 

the API to dissolve in the extraction fluid (Pellet et al., 1997).  The solutions were filtered 

afterwards and analysed by means of HPLC. 

2.5  Data and statistical analysis  

A two-way analysis of variance (ANOVA) test was performed on the tape-stripping data to 

determine the statistical difference between the APIs (CLF, ART and DQ), the skin layers (SCE 

and ED) and the natural oils (olive oil (O) and safflower oil (S)). An acceptable significance level 

for the ANOVA is illustrated by a p-value smaller than 0.05 (p˂0.05). 

2.6  In vitro cytotoxicity 

2.6.1  Cell culture cultivation 

The cytotoxicity of the nano-emulsions was determined using an epidermal (mammalian) cell line 

(HaCaT). The HaCaT cell line was cultivated with a growth medium of DMEM in a humidified 

incubator at 37°C and 5% CO2 in a 75 cm2 flask, where the cells were enriched with 10% foetal 

bovine serum, 1% Pen/Strep, 4 mM L-glutamine and 1% Non-Essential Amino Acids 
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supplements. The cells were fed everyday with fresh growth media then split after a confluence 

of 80% was reached (Abcam, 2017). 

2.6.2  Seeding of cells for toxicity assay 

To determine and visualise the cell viability, a haemocytometer was used.  The Trypan Blue dye 

0.4% (w/v) exclusion approach was used to stain identical cell suspensions of 10 µl each.  The 

cells were stained for 3 min each then transferred to an etched counting chamber (9 mm2) to be 

evaluated.  The process of dye takes place as dead (non-viable) cells take up the dye; living 

(viable) cells do not take up any dye. 

2.6.3  Determining cell death using LDH assay 

To determine the cell death by means of lactate dehydrogenase (LDH) assay, a CytoTox 96® 

Non-Radioactive Cytotoxicity Assay Detection Kit was used.  The measurement of cell death was 

implemented with the following: 1) a positive control with 100% LDH release (full cell damage), 2) 

a negative control, which is a medium containing no API or nano-emulsion dispersion and 3) 

samples of S1, S2, S3, S4, S5, O1, O2, O3, O4 and O5 (Ahn et al., 2012).  During the process, 

the CytoTox 96® Non-Radioactive Cytotoxicity Assay Detection Kit’s directions were followed to 

determine the LDH-release for the cells.  The growth medium and cells were placed in the 96-

well assay plate and made up to volume (100 µl) with the prepared samples at the predetermined 

concentrations. 

2.7  In vitro cytotoxicity on Mycobacterium strains  

The nano-emulsions used for the evaluation of in vitro cytotoxicity on Mycobacterium strains were 

sent to University of Cape Town (UCT), South Africa.   

2.7.1  Determination of the 90% minimum inhibitory concentration (MIC 90) 

The broth microdilution method (Collins & Franzblau, 1997) was used to assess the MIC90 

(minimum concentration of API). The eight nano-emulsions, together with their placebos, were 

tested in one 96-well microtiter plate.  A culture of mutant Mycobacterium tuberculosis (M.tb 

H37RvMA::gfp) strain expressing recombinant green fluorescent protein (GFP) off a plasmid 

integrated at the phage attachment site (attB) locus was grown to OD600 (optical density reading 

taken at 600 nm) between 0.6 and 0.7.  This culture was diluted (1:100) in glycerol-alanine-salts 



 

 
84 

 

containing iron and Tween® 80 (GAST/Fe) medium.  In row 1, 640 µm of the 10 nano-emulsions 

that were tested was added in duplicate, and a total volume of 50 µl of GAST/Fe medium was 

added to rows 2 to 12 of the plate.  In addition to the test nano-emulsions in row 1, other wells 

contained GAST/Fe medium, 5% dimethyl sulfoxide (DMSO), kanamycin and rifampicin as a 

control.  Two-fold serial dilution was followed by transferring 50 µl of the nano-emulsion solution 

from each preceding row to the following row ensuring that all the wells contain 50 µl (not for 

control wells), thereafter plates were incubated at 37°C (humid conditions) for 14 days. MIC90 

values were scored using quantitative fluorescence at 7-days and 14-days post inoculation by 

means of a FLOUstar® Optima microplate reader (BMG Labtech).  Consequently, digital images 

were captured and stored.  According to Van der Ven et al. (2015), during the growth in different 

carbon sources, the efficacy of the APIs is determined. 

2.7.2  Intracellular efficacy of compounds against Mycobacterium tuberculosis H37Rv 

The J774 macrophage cell line grown in DMEM was plated on a 96-well plate (100 µl/well) and 

incubated overnight at 37°C in a CO2 incubator.  The plate was transferred to Biosafety Level 3 

for infection with the H37RvMA::gfp (OD600 0.4-0.6) and this culture was grown in 7H9/OADC and 

DMEM, ensuring 105 cells per ml.  J447 cells were washed with PBS-Tween80
.   Following the 

aforementioned, the cells were infected with the H37RvMA::gfp (100 µl) in DMEM, then 

H37RvMA::gfp in 7H9/OADC was added in appropriate wells and incubated for 4 to 6 h.  Ten-fold 

serial dilutions of plated cells were plated on the agar plates, which contained 7H10/OADC 

supplemented with hygromycin B resistance gene (Hyg50) and incubated at 37°C.  Following 

successful bacterial-uptake by macrophages, the medium was replenished with compound 

containing medium.  By means of the FLOUstar® Optima microplate reader (BMG Labtech), the 

GFP signal was read and images of representative wells were captured using the fluorescent cell 

imager (ZOE Fluorescence Imager, BioRad).  The medium was replenished every second day 

and the GFP was read daily. After GFP captured fluorescence image analysis, the cells were 

lysed for enumeration of viable colony-forming units (CFU) and compared with the GFP readouts 

on day 6.  To determine whether the combination of the APIs in the nano-emulsions would have 
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a synergistic effect on their efficacy or whether the combination will cause cell death, a 

combination of the APIs were done. 

3  Results and discussion 

3.1  Formulation and semi-solid products 

All eight nano-emulsions were very watery. The CLF formulations had a distinct brown colour and 

the ART and DQ were a white colour; no phase separation or sedimentation was present.  Tables 

1 and 2 summarise the ingredients used during formulation. 

3.2  Physicochemical properties 

3.2.1  Aqueous solubility 

The aqueous solubility for CLF, ART and DQ were determined as 0.00 mg/ml, 0.10 mg/ml and 

0.00 mg/ml, respectively, at a temperature of 32°C.  These results indicate that CLF and DQ are 

practically insoluble in water and ART is slightly soluble in an aqueous medium.  Naik et al. (2000) 

reported that for an API to be soluble in an aqueous medium, a solubility of more than 1 mg/ml 

was required to permeate ideally through the skin. 

3.2.2  Log D 

The log D values of CLF (7.60), ART (2.49) and DQ (7.80) indicated that both CLF and DQ do 

not show favourable properties to diffuse through the skin, whereas ART does (Naik et al., 2000). 

3.2.3  Characterisation of nano-emulsions 

Table 3:  Physicochemical properties of nano-emulsions 

 

No TEM images could be taken since the oil in the nano-emulsions could damage the equipment.  

Table 3 summarises the different characterisation values (pH, viscosity, droplet size, zeta-

potential and %drug entrapment).  The pH of all eight formulations was in the ideal range (pH 5-

9) for topical drug delivery (Naik et al., 2000), as the values were in a narrow range between 5.14 

and 5.70.  All the formulations had a zeta-potential ranging from -32.9 to  

-26.1 mV, indicating no phase separation would take place and were stable regarding the 

accepted range of zeta-potential, which should be more positive than +25 mV and more negative 

than -25 mV (Mothilal et al, 2014).  The viscosity of nano-emulsions was very low (2.56-2.73 cP) 
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and could possibly be attributed to the fact that 80% of the formulation consisted of water, with 

no thickener used.  The EE% of all eight nano-emulsions depicted results between 91.35 and 

98.95 %. 

3.3  Membrane diffusion experiments 

The results from the membrane release studies show conclusive evidence that no API 

successfully permeated through the membrane into the receptor fluid.  No data was obtained with 

all three actives, separately or in combination. 

3.4  Diffusion experiment 

3.4.1  Diffusion study 

During skin diffusion studies, the exact method was followed in membrane diffusion studies 

except a skin sample was used instead of a synthetic membrane.  Skin diffusion studies took 

place by extracting the receptor phase every 2 h for 12 h.  No concentration of the APIs were 

obtained within the receptor fluid during this method and therefore it was decided to prolong the 

extraction time to only one single withdrawal after 12 h; after this withdrawal, the samples were 

analysed by means of HPLC.  It was evident that no APIs permeated into the receiver fluid during 

the diffusion study. 

3.5  Tape-stripping 

3.5.1  Stratum corneum-epidermis 

The tape-stripping results for the SCE are depicted in Figures 1 to 4.  On comparing the median 

concentrations, the nano-emulsions containing safflower oil with a single API (S1, S2 and S3), it 

was evident S2 depicted the highest median concentration, followed by S3 and lastly, S1.  When 

comparing the median concentrations, the nano-emulsions containing olive oil with a single API 

(O1, O2 and O3), it was observed that O2 depicted the highest median concentration, followed 

by O1 and lastly, O3; the median concentration of both O1 and O3 did not differ much.  With the 

nano-emulsion containing safflower oil with the combination of APIs (S4) it was observed that 

ART had the highest median concentration when compared to CLF and DQ, followed by CLF. 

With the nano-emulsion containing olive oil with the combination of APIs (O4), it was evident that 
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ART depicted the highest median concentration followed by CLF.  It can also be observed that 

neither S4 nor O4 delivered DQ within the SCE. 

 

Figure 1:  Concentration (µg/ml) of S1 (CLF), S2 (ART) and S3 (DQ) present in the SCE after 

tape-stripping. Concentration values are indicated by the lines and squares, respectively. 

 

Figure 2:  Concentration (µg/ml) of O1 (CLF), O2 (ART) and O3 (DQ) present in the SCE after 

tape-stripping. Concentration values are indicated by the lines and squares, respectively. 

 

Figure 3:  Concentration (µg/ml) of CLF, ART and DQ present in S4 in the SCE after tape-

stripping.  Concentration values are indicated by the lines and squares, respectively. 

 

Figure 4:  Concentration (µg/ml) of CLF, ART and DQ present in O4 in the SCE after tape-

stripping.  Concentration values are indicated by the lines and squares, respectively. 

 

Figures 1 to 4, illustrated all the nano-emulsions containing a single API (S1, S2, S3, O1, O2 and 

O3) accumulated within the SCE.  It was also observed that the nano-emulsions containing 

safflower oil with a single API (S1, S2 and S3) showed increased permeation when compared to 

the nano-emulsions containing olive oil with a single API (O1, O2 and O3), excluding CLF (O1 

was higher than S1).  It was apparent that when the nano-emulsions containing a single API were 

compared (S1, S2, S3, O1, O2 and O3) regarding the API, ART permeated the SCE more than 

CLF and DQ.  On comparing the nano-emulsions containing the combination of APIs (S4 and 

O4), it was noticed that ART permeated the SCE more than CLF and DQ, and that DQ did not 

accumulate in the SCE for both S4 and O4.  It cannot be said with certainty which oil improved 

the delivery more since the following was apparent: O4 delivered CLF more than S4 and S4 

delivered ART more than O4.  The aforementioned was also true when the nano-emulsions 

containing a single API (S1, S2, S3, O1, O2 and O3) were compared, although the safflower oil 

also increased the delivery of DQ more than the olive oil. 
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3.5.2  Epidermis-dermis 

When the median concentrations were compared with the nano-emulsions containing safflower 

oil with a single API (S1, S2 and S3), S3 yielded the highest median concentration, followed by 

S1.  When individual olive nano-emulsions (O1, O2 and O3) were compared, O3 depicted the 

highest median concentration, followed by O1.  It was also evident that neither S2 nor O2 

delivered ART in the ED.  When examining S4 and O4, it was apparent that DQ had the highest 

median concentration, followed by CLF.  It was also seen that neither S4 nor O4 delivered ART 

into the ED. 

 

Figure 5:  Concentration (µg/ml) of S1 (CLF) and S3 (DQ) present in the ED after tape-stripping.  

Concentration values are indicated by the lines and squares, respectively. 

 

Figure 6:  Concentration (µg/ml) of O1 (CLF) and O3 (DQ) present in the ED after tape-stripping.  

Concentration values are indicated by the lines and squares, respectively. 

 

Figure 7:  Concentration (µg/ml) of CLF, ART and DQ present in S4 in the ED after tape-stripping.  

Concentration values are indicated by the lines and squares, respectively. 

 

Figure 8:  Concentration (µg/ml) of CLF, ART and DQ present in O4 in the ED after tape-stripping.  

Concentration values are indicated by the lines and squares, respectively. 

 

Figures 5 to 8 illustrated that the nano-emulsions containing a single API (S1, S3, O1, and O3) 

accumulated in the ED (excluding S2 and O2).  It was evident with the nano-emulsions containing 

a single API (S1, S3, O1, and O3) that it was not possible to determine which natural oil improved 

permeation; since O1 improved the permeation of the CLF more than S1, whilst S3 improved the 

permeation of the DQ more than O3. 

When the nano-emulsions containing a single API (S1, S2, S3, O1, O2 and O3) were compared 

in terms of the API, it was observed that DQ had the highest concentration of API within the ED 
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compared to CLF and ART.  In the case of DQ, it could possibly be due to other penetration routes 

being followed other than that of direct skin permeation, i.e. the annexial route (Williams, 2003).  

The annexial route (also known as the sebaceous glands) is situated within hair follicles and is 

known to secrete sebum (cholesterol, waxes, triglycerides, fatty acids and cellular debris) and 

subsequently lipophilic drugs can tend to cross this route, due to their lipophilic nature (Montage, 

1965; Williams, 2003). 

It was apparent when S4 and O4 were compared that a similar trend was followed, as with the 

nano-emulsions containing a single API (S1, S2, S3, O1, O2 and O3), where DQ permeated the 

ED more than CLF (ART did not accumulate in the ED for any of the nano-emulsions).  It was 

also observed that S4 enhanced the permeation of the APIs more than the O4 for both DQ and 

CLF.  In general, it was apparent that the nano-emulsions containing safflower oil (S3 and S4) 

permeated better than those containing olive oil (O3 and O4); a possible explanation might be the 

amount of linoleic acid which is present in safflower (75.0%) and olive oil (1.5%).  Since the first 

layer of the skin, the stratum corneum, also consists of linoleic acid, the increased amount of 

linoleic acid found in the safflower oil in comparison to the olive oil, might have cause an increased 

delivery of the APIs into the stratum corneum from the nano-emulsions containing safflower oil 

(Applewhite, 1966; Olive oil Source, 2017; Vermaak et al., 2011).  Consequently, more API can 

permeate through the stratum corneum (SCE) and in turn, the API is available to diffuse from the 

SCE to the ED (Cross & Roberts, 1993). 

3.6  Statistical analysis 

3.6.1  Tape-stripping 

As mentioned before, no data was obtained during the membrane or diffusion studies, but only 

with the tape-stripping studies. Results found during tape-stripping studies from the two-way 

ANOVA between the APIs (CLF, ART and DQ), the skin layers (SCE and ED) and the natural oils 

(O and S) depicted statistical significance (p<0.05). The one-way ANOVA between the oils (O 

and S) showed no statistical significance (p = 0.0531). 
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3.7  In vitro cytotoxicity  

To determine the cell cytotoxicity of the APIs within the formulations, the LDH assay was 

employed.  CLF, ART and DQ, which was encapsulated separately and in combination in the 

nano-emulsions containing natural oil, were compared to a placebo. A non-cytotoxic reference 

was used as a control sample, and cell cytotoxicity was evaluated using the following ranges: 1) 

below 40% - non-cytotoxic, 2) between 60% and 40% - weak cytotoxicity, 3) between 80% and 

60% - moderate cytotoxicity and 4) between 100% and 80% - strong cytotoxicity (Lopez-Garcia 

et al., 2014).  The formulations were also analysed statistically by comparing the formulations 

with the control sample.  By examining the p-value results of all the nano-emulsions, it was evident 

there was a statistical significance for all formulations (p<0.05). The control has a cytotoxic effect 

of 0% (no effect on cells), whereas lysis has a cytotoxic effect of 100% (complete cell 

death/cytotoxicity). 

Table 4:  LDH results for the nano-emulsions containing safflower oil and olive oil separately 

 

Table 4 summarises the results of the cytotoxicity profiles of all eight nano-emulsions (S1-S4 and 

O1-O4), together with their placebos (S5 and O5).  All eight nano-emulsions, including the 

placebos, depicted results of either non-cytotoxic (<40%) or weak cytotoxicity (<40-60%) on the 

HaCaT cells. 

3.8  In vitro cell culture studies on tuberculous cells 

Table 5:  Percentage inhibition of the formulations against M.tb H37Rv relative to control culture 

 

Table 5 depicts the %inhibition results of each nano-emulsion (S1-S5 and O1-O5) used on M.tb 

H37Rv, respectively. The in vitro cell culture studies were executed to indicate the extent to which 

the nano-emulsions would inhibit the M.tb strains. It was evident, looking at Table 5, that the nano-

emulsions showed exceptional results with regard to %inhibition.  Isoniazid (INH) was used as 

the positive control within this study, since it is known to cause cell death to Mycobacterium 

strains.  The eight nano-emulsions (S1-S4 and O1-O4) showed exceptionally high %inhibition, 

ranging from values 52 to 63% inhibition, when compared to the positive control.  When the 
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%inhibition results of the nano-emulsions containing safflower oil were compared with the nano-

emulsions containing olive oil, it was evident the former had higher %inhibition values than the 

latter.  The primary focus of this part of the study was to determine if the nano-emulsions 

containing the combination of APIs (S4 and O4) would give better %inhibition results against M.tb 

H37Rv than those containing a single API (S1, S2, S3, O1, O2 and O3).  It was evident that the 

S4 (60%) yielded a higher %inhibition than O4 (53%).  Due to natural oils used with the nano-

emulsions, the placebos (S5 and O5) depicted some degree of %inhibition. Consequently, the 

nano-emulsions containing APIs could possibly be used in the future for the topical treatment of 

CTB. 

4  Conclusion 

Eight nano-emulsions containing natural oil were formulated - six nano-emulsions containing a 

single API (S1-S3 and O1-O3) and two containing the combination of APIs (S4 and O4).  When 

the membrane release studies were observed, it was evident that no API concentration (CLF, 

ART and DQ) was found within the receptor fluid.  Similar results were observed with diffusion 

studies, as no API permeated through the skin within the receptor fluid.  Tape-stripping studies 

revealed that when APIs were incorporated separately within nano-emulsions (S1-S3 and O1-

O3) it was possible to deliver CLF, ART and DQ in the SCE.  It was also apparent, when APIs 

are incorporated separately within nano-emulsions (S1-S3 and O1-O3), that ART cannot be 

delivered into the ED, whilst CLF and DQ can.  It was observed that ART, a polar compound, had 

a higher affinity for both the safflower and olive oil during the pre-formulation studies, when 

compared to CLF and DQ (Haynes et al., 2006).  During tape-stripping studies, it was seen that 

the ART concentration was higher in the SCE compared to CLF and DQ.  The phenomenon of 

ART could possibly be ascribed to the high affinity ART had for the oil.  The lipophilic oil also has 

a high affinity with the lipophilic stratum corneum, which in turn may have led to the higher 

entrapment of ART within the SCE.  Subsequently, although ART has a polar nature, its affinity 

for the oil phase (both safflower and olive oil) was significantly higher than the affinity for the 

hydrophilic ED and therefore it can possibly be concluded that ART remained within the lipophilic 

SCE rather than permeating to the hydrophilic ED. On investigating the nano-emulsions 
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containing the combination of APIs (S4 and O4), it was observed that DQ was only noticeable in 

the ED and not in the SCE.  This could possibly be ascribed to the “saturation effect” which took 

place in the stratum corneum, as described by Teichmann et al. (2005) who concluded that even 

with prolonged application, the stratum corneum can be saturated and subsequently no 

concentration increase will be observed. Subsequently, before DQ could reach the stratum 

corneum, saturation may have occurred with ART and CLF within the SCE, therefore, another 

route of penetration could have been followed by DQ, such as the annexial route by permeating 

directly to the dermis (Teichmann et al., 2005).  When compared to CLF and DQ, ART has more 

ideal physicochemical properties and could therefore imply that ART permeated the SCE first, 

followed by CLF; it may be possible that CLF and ART followed the intracellular route to permeate 

within the SCE, while no DQ was found within the SCE (N`Da, 2010).  As the concentration 

gradient still plays a significant role, it might be possible that the CLF (which was entrapped within 

the SCE) diffused to the ED and consequently the nano-emulsion (which was still applied on top 

of the skin) provides the underlying skin layers with CLF and therefore CLF was seen in both the 

SCE and the ED. When the nano-emulsions containing the combination of APIs (S4 and O4) are 

investigated, it is observed that DQ cannot be delivered in the SCE and ART cannot be delivered 

in the ED, therefore it is not possible to deliver all three APIs in either the SCE or the ED.  When 

comparing the natural oils formulated in the nano-emulsions, it is evident that nano-emulsions 

containing safflower oil increased the permeation of the APIs more than the nano-emulsions 

containing olive oil. 

During the LDH-assay, no cytotoxicity was observed from all eight nano-emulsions, which 

indicated that all the dispersions were safe for human usage.  Decreased cytotoxicity might 

possibly be explained by the way the nano-emulsions encapsulate the APIs. The nano-emulsions 

possibly provide a barrier between the APIs and the interaction with the normal healthy cells, 

since there is no direct skin contact.  A study by De Godoi et al. (2017) depicted similar results, 

where cytotoxicity decreased when using nano-emulsions as the API formed a barrier because it 

was encapsulated within an oil droplet.  When viewing the cytotoxicity from the Mycobacterium 

cell lines, it was evident that all eight nano-emulsions depicted very good results regarding 
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%inhibition.  Values ranged from 52 to 63% inhibition for the nano-emulsions, which contained 

APIs (S1-S4 and O1-O4), and both placebos (S5 and O5) depicted a small %inhibition also, 14% 

and 22%, respectively.  On comparing the %inhibition results of the nano-emulsions containing 

safflower oil to those containing olive oil, it was clear the nano-emulsions containing safflower oil 

depicted higher %inhibition values than those containing olive oil. The results obtained from the 

placebo nano-emulsions could possibly be ascribed to the use of natural oils within the nano-

emulsions.  When the nano-emulsions containing APIs (S1-S4 and O1-O4) were compared to the 

placebo nano-emulsions (S5 and O5), the placebos depicted remarkable results in terms of 

%inhibition, consequently, it can be concluded that the natural oils within the nano-emulsions do 

have an impact on the %inhibition. The nano-emulsions containing safflower oil increased the 

delivery of the APIs more than those containing olive oil.  Enhanced permeation from the nano-

emulsions containing safflower oil could possibly be due to the increased amount of linoleic acid 

(75.0%), which is found in safflower oil (Applewhite, 1966), compared to olive oil (1.5%)(Olive oil 

Source, 2017), since the skin (stratum corneum) also consists of linoleic acid (Vermaak et al., 

2011). 
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Tables 

Table 1:  Formulas for the nano-emulsion containing olive oil 

Formula  Water phase  Weight (v/v)  Oil phase  Weight (w/v)  

O1 
Water 

Tween® 80 

40 ml 

3.6 ml 

Olive oil 

Span® 60 

CLF 

10% (4.6 ml) 

1 g 

500 mg 

O2 
Water 

Tween® 80 

40 ml 

3.6 ml 

Olive oil 

Span® 60 

ART 

10% (4.6 ml) 

1 g 

500 mg 

O3 
Water 

Tween® 80 

40 ml 

3.6 ml 

Olive oil 

Span® 60 

DQ 

10% (4.6 ml) 

1 g 

500 mg 

O4 
Water 

Tween® 80 

40 ml 

3.6 ml 

Olive oil  

Span® 60 

CLF 

ART 

DQ 

5% (4.6 ml) 

1 g 

500 mg 

500 mg 

500 mg 

O5 
Water 

Tween® 80 

40 ml 

3.6 ml 

Olive oil 

Span® 60 

5% (4.6 ml) 

1 g 
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Table 2:  Formulas for the nano-emulsion containing safflower oil 

Formula  Water phase  Weight (v/v)  Oil phase  Weight (w/v)  

S1 
Water 

Tween® 80 

40 ml 

3.6 ml 

Safflower oil 

Span® 60 

CLF 

5% (4.6 ml) 

1 g 

500 mg 

S2 
Water 

Tween® 80 

40 ml 

3.6 ml 

Safflower oil 

Span® 60 

ART 

5% (4.6 ml) 

1 g 

500 mg 

S3 
Water 

Tween® 80 

40 ml 

3.6 ml 

Safflower oil 

Span® 60 

DQ 

5% (4.6 ml) 

1 g 

500 mg 

S4 
Water 

Tween® 80 

40 ml 

3.6 ml 

Safflower oil 

Span® 60 

CLF 

ART 

DQ 

5% (4.6 ml) 

1 g 

500 mg 

500 mg 

500 mg 

S5 
Water 

Tween® 80 

40 ml 

3.6 ml 

Safflower oil 

Span® 60 

5% (4.6 ml) 

1 g 
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Table 3:  Physicochemical properties of nano-emulsions 

Formulatio

n 
pH 

Viscosity 

(cP) 

Droplet size 

(nm) 

Zeta-

potential 

(mV) 

Drug 

entrapment 

efficiency 

(%) 

O1 
5.01 ± 

0.10 
2.59 ± 0.50 101.36 ± 2.05 -33.3 ± 1.10 94.12 ± 1.20  

S1 
5.10 ± 

0.05 
2.91 ± 0.08 126.47 ± 1.75 -30.00 ± 0.10 91.35 ± 1.38 

O2 
5.15 ± 

0.07 
2.60 ± 0.08 101.47 ± 1.56 -36.60 ± 0.12 96.30 ± 1.01 

S2 
5.08 ± 

0.02 
2.62 ± 0.05 104.63 ± 1.42 -37.90 ± 0.05  98.95 ± 2. 05 

O3 
5.30 ± 

0.08 
2.72 ± 0.08 91.39 ± 1.30 -35.40 ± 0.80 93.01 ± 1.45   

S3 
5.24 ± 

0.04 
2.73 ± 0.03 83.61 ± 1.72 -34.40 ± 1.33 91.90 ± 0.99  

O4: CLF 

 ART 

 DQ 

5.19 ± 

0.08 
2.63 ± 0.07 83.05 ± 0.90  -32.00 ± 1.28 

94.12 ± 2.40 

96.30 ± 1.34 

93.01 ± 1.57 

S4: CLF 

 ART 

 DQ 

5.26 ± 

0.07 
2.56 ± 0.08 88.14 ± 1.52 -30.1 ± 0.05 

94.42 ± 1.20 

98.5 ± 1.75 

98.02 ± 1.35 
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Table 4:  LDH results for the nano-emulsions containing safflower oil and olive oil separately 

Formulation  %Cytotoxicity  p-Value 

Control 0 0.000 

Lysis 100 - 

S1 11.857 0.010 

S2 20.165 0.000 

S3 11.699 0.016 

S4 53.076 0.000 

S5 20.047 0.000 

O1 34.072 0.000 

O2 28.309 0.000 

O3 15.378 0.001 

O4 38.58 0.000 

O5 15.834 0.004 
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Table 5:  Percentage inhibition of the formulations against M.tb H37Rv relative to control culture 

Formulation CFU/ml STDEV 
%Inhibition  

(relative to control) 

S1 6.67E+07 1.6 60 

S2 6.17E+07 1.5 63 

S3 8.00E+07 2.9 52 

S4 6.67E+07 1.6 60 

O1 7.17E+07 1.9 57 

O2 7.50E+07 3.7 55 

O3 7.67E+07 1.6 54 

O4 7.83E+07 0.8 53 

S5 1.43E+08 1.6 14 

O5 1.30E+08 1.4 22 

INH (isoniazid)(1 µg/ml) 3.17E+07 1.7 81 

CLF 9.33E+07 2.0 44 

ART 1.17E+08 3.4 30 

DQ 1.18E+08 2.5 29 

Control 1.67E+08 2.4 - 
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Figure legends 

Figure 1:  Box-plot indicating the concentration (µg/ml) of S1 (CLF), S2 (ART) and S3 (DQ) 

present in the SCE after tape-stripping.  Concentration values are indicated by the lines and 

squares, respectively. 

Figure 2:  Box-plot indicating the concentration (µg/ml) of O1 (CLF), O2 (ART) and O3 (DQ) 

present in the SCE after tape-stripping.  Concentration values are indicated by the lines and 

squares, respectively. 

Figure 3:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in S4 in the 

SCE after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 

Figure 4:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in O4 in the 

SCE after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 

Figure 5:  Box-plot indicating the concentration (µg/ml) of S1 (CLF) and S3 (DQ) present in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 

Figure 6:  Box-plot indicating the concentration (µg/ml) of O1 (CLF) and O3 (DQ) present in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 

Figure 7:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in S4 in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 

Figure 8:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in O4 in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figures 

 

Figure 1:  Box-plot indicating the concentration (µg/ml) of S1 (CLF), S2 (ART) and S3 (DQ) 

present in the SCE after tape-stripping.  Concentration values are indicated by the lines and 

squares, respectively. 

24 

20 

14 

10 

4 

0 

2 

6 

8 

12 

16 

18 

22 

Outlier 

Median 

25-75% 

Non-outlier range 

Mean 

C
on

ce
nt

ra
tio

n 
(
µ

g/
m

l) 

ART DQ CLF 



 

 
106 

 

 

Figure 2:  Box-plot indicating the concentration (µg/ml) of O1 (CLF), O2 (ART) and O3 (DQ) 

present in the SCE after tape-stripping.  Concentration values are indicated by the lines and 

squares, respectively. 
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Figure 3:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in S4 in the 

SCE after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figure 4:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in O4 in the 

SCE after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figure 5:  Box-plot indicating the concentration (µg/ml) of S1 (CLF) and S3 (DQ) present in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figure 6:  Box-plot indicating the concentration (µg/ml) of O1 (CLF) and O3 (DQ) present in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figure 7:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in S4 in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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Figure 8:  Box-plot indicating the concentration (µg/ml) of CLF, ART and DQ present in O4 in the 

ED after tape-stripping.  Concentration values are indicated by the lines and squares, 

respectively. 
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The skin is comprised of three main layers (epidermis, dermis and hypodermis) and its 

responsibility is to act as the primary barrier of the body (El Maghraby et al., 2008:203).  This is 

due to the lipophilic nature of the stratum corneum, which is the upper most layer of the skin and 

consequently, the rate limiting step for topical and transdermal delivery (Potts et al., 1992:16). 

TB is primarily caused by the bacterium M. tuberculosis.  General manifestations are either 

pulmonary or extra-pulmonary presentations.  Extra-pulmonary TB represents nearly 10% of all 

TB cases, of which CTB comprises only a trivial percentage of these cases (Almaguer-Chávez et 

al., 2009:562; Kumar et al., 2001:28).  Lesions derived from CTB can either be acquired 

exogenously or endogenously, caused by M. bovis, M. tuberculosis and the Bacille Calmette 

Guerin (BCG) vaccine, which is an attenuated strain of M. bovis (Barbagallo et al., 2002:320; 

Dostrovsky & Saghar, 1963:188; Izumi & Matsunaga, 1982:171).  True CTB skin lesions are 

only one of the extra-pulmonary presentations and show a variety of structural appearances, 

which are characterised by variable necrosis, variable vasculitis and granulomatous 

inflammation (Penneys et al., 1993:1596).  Different lesions of CTB include lupus vulgaris, 

scrofuloderma, tuberculous chancre, TB verrucosa cutis, orificial TB, miliary TB and metastatic 

TB abscess (Barbagallo et al., 2002:320).  Currently, no topical treatment against CTB exists 

and as a result of increasing drug resistance against TB, other alternative medications are 

required and therefore other routes of delivery should be investigated (Van Zyl et al., 2015:630).  

An important note is that topical therapy will not substitute systemic treatment, but rather be used 

in conjunction to shorten the treatment period of CTB.  Consequently, proposing CLF is to 

repurpose the treatment of TB to increase therapeutic options (Dey et al., 2013:284). 

CLF is a redox compound, belonging to the riminophenazine class, which was found to have good 

activity against M. avium, both in vitro and in vivo, and is consequently marketed as anti-

mycobacterial drug that treats leprosy (Kailasam et al., 1994:273; Lindholm-Levy & Heifets, 

1988:179; Mehta et al., 1993:2584; Sansarricq, 2005:5).  CLF is lipophilic of nature and 

accumulates within the skin (Dutta, 1980:252-259; Imkamp, 1973:127-130; Imkamp, 1981:135-

140), where the primary onset of action is the outer skin, but drug use is potentially restricted 

because of poor solubility and aesthetic side effects, such as skin discoloration (Kailasam et al., 

1994:273; Lindholm-Levy & Heifets, 1988:179; Mehta et al., 1993:2584). 

Chapter 6: 

Conclusion and future prospects 
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ART is a moderately new, semi-synthetic drug, derived from artemisinin, which can be 

synthesised in a one-step process from dihydroartemisinin (Haynes et al., 2004:1381-1385).  The 

Flagship programme proposed to use CLF and ART in combination, since ART can enhance 

activity against TB, by accelerating the cycling of redox APIs.  The mechanism is oxidant activity 

by which toxic oxygen radicals are thought to be generated through the cleavage of the peroxide 

bond by iron (Fe (ΙΙ)) (Biamonte et al., 2013:2831). 

DQ (4-hydroxy quinolone) is proposed by the Flagship programme to be combined with CLF and 

ART even though to date it has only been tested on animals.  Due to high lipophilicity (Biamonte 

et al., 2013:2838), the drug has demonstrated possible anti-TB activity.  The compound can 

possibly complement CLF and ART, since the API’s mechanism has an impact on the electron 

transport disruption within the mitochondrial cytochrome system of the coccidian (Mikota & Plumb, 

2014).  DQ (which has a different mode of action) in turn can possibly cause suppression of 

resistance and therefore make the combination of the three APIs more effective against the 

potential treatment of CTB. 

Although the combination of these drugs shows possible effective anti-TB properties, the 

physicochemical properties present challenges during the topical drug delivery to the target skin 

site, the epidermis-dermis (ED) (Venus et al., 2011:472). 

Nano-emulsions have recently been successfully implemented to improve the transport of 

hydrophobic compounds and are seen as thermodynamically stable dispersions of oil and water 

(to form oil in water (o/w), or water in oil (w/o) emulsions), in combination with a surfactant and 

co-surfactant (Shakeel et al., 2012:953-973).  Therefore, in this study, nano-emulsions were 

chosen as the drug carrier system as they offer exceptional solubilisation ability to drugs.  They 

have small droplet sizes with higher entrapment efficiencies and offer ease of preparation, optical 

clarity and stability, all of which contributes to them being attractive candidates for drug 

vectorisation (Chime et al., 2014). 

The aim of this study was to investigate whether nano-emulsions containing natural oils would 

improve the topical delivery of CLF, DQ and ART, separately and in combination.  Two natural 

oils were examined, safflower and olive oil, and eight nano-emulsions were therefore formulated, 

S1, S2, S3, S4, O1, O2, O3 and O4.  The compatibility of the three APIs was tested with each 

other as well as with the different oils.  The dermal toxicity was investigated with the different 

constituents of the dispersions (i.e. APIs itself, the nano-emulsions without API and also combined 

with the API) on HaCaT cells.  The nano-emulsions containing any of the three different APIs 

separately or in combination (S1, S2, S3, S4, O1, O2, O3 and O4), were chosen for in vitro cell 

culture studies against M. tuberculosis for further investigation regarding their potential use in the 

future treatment of CTB.  In vitro studies of the nano-emulsions were tested on inoculated, freeze-
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dried bacterial cells, with and without APIs, to ensure that cell death was not caused by the natural 

oils or the API itself. 

Objectives of the study included: 

• Develop and validate an HPLC analytical method to determine the concentration of CLF, 

DQ and ART, separately and in combination, in the test samples generated during this 

study. 

• Determine the aqueous solubility, solubility in different solvents and log D values of CLF, 

DQ and ART. 

• Testing oil with drug compatibilities using microcalorimetry. 

• Formulate nano-emulsions containing CLF, DQ and ART, separately and in combination, 

using safflower and olive oil as the oil phase in the nano-emulsions. 

• Characterise (viscosity, droplet size, pH, zeta-potential, morphology and drug entrapment 

efficiency) the nano-emulsions with and without the APIs. 

• Conduct membrane release studies to establish whether the APIs were released from the 

different nano-emulsions. 

• Determine the transdermal and topical delivery of the APIs from the nano-emulsions by 

performing diffusion studies followed by tape-stripping, respectively. 

• Conduct cell culture studies to determine the cytotoxic effects of the API(s), the oils, as 

well as the nano-emulsions on dermal fibroblast cells and HaCaT cells. 

• Determine in vitro efficacy on tuberculous bacterial cells of the entrapped APIs in the nano-

emulsions containing safflower and olive oil separately with any of the three different APIs, 

separately or in combination. 

A novel HPLC method was developed and validated for the simultaneous analysis of CLF, ART 

and DQ to determine the different concentrations of the APIs.  During validation the method was 

found to be accurate, precise and repeatable for the quantification of CLF, ART and DQ.  The 

LOD was calculated to be 3.11 µg/ml for CLF, 1.98 µg/ml for ART and 2.29 µg/ml for DQ, whereas 

the LOQ was determined to be 0.13 µg/ml for CLF, 13.39 µg/ml for ART and 2.13 µg/ml for DQ. 

To successfully permeate the skin, an API needs an aqueous solubility of more than 1 mg/ml 

(Naik et al., 2000:319), whilst the log D required should be between 1 and 3 therefore enabling 

the API to dissolve in both water and oil (Roberts & Walters, 1998:38).  CLF, ART and DQ 

depicted an aqueous solubility of 0.000 mg/ml, 0.100 mg/ml and 0.000 mg/ml, respectively, at a 

temperature of 32°C.  The log D of CLF, ART and DQ were extracted from literature as results 

differed too significantly.  Hence, the log D of CLF, ART and DQ were found to be 7.6, 7.8 and 

2.49, respectively.  Taking both of the aforementioned physicochemical properties into account, 
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no favourable aqueous solubility was seen, but regarding the log D value, only ART yielded a 

favourable value for skin permeation. 

Microcalorimetry was conducted to test compound compatibility and it was evident that the 

surfactants (Tween® 80 and Span® 60) showed some possible incompatibilities with CLF and 

ART, i.e.: 

• CLF and Tween® 80; 

• CLF, Tween® 80 and olive oil; 

• CLF, Tween® 80 and safflower oil; 

• ART and Tween® 80; 

• ART, Tween® 80 and olive oil; 

• ART, Tween® 80 and safflower oil; 

• ART, Span® 60 and safflower oil; 

• ART, Span® 60 and olive oil. 

This could possibly be explained by using excipients such as Tween® 80 and Span® 60, which 

have both chemical and physical interactions and may influence the chemical nature of the 

compounds, as well as escalate the effects of drug degradation (Bharate et al., 2010:1; Chas et 

al., 1999:312). Other alternatives are available for future use, such as testing sample nano-

emulsions as the chemical compatibility of a two-component mixture can differ from a 

multicomponent mixture that indicates incompatibility (Bharate et al., 2010: 312; Thomas & Naath, 

2008). 

During this study, eight o/w nano-emulsions containing 1% API and natural oil (S1, S2, S3, S4, 

O1, O2, O3 and O4) were formulated, and were represented by a smooth and homogenous 

mixture.  Pre-formulation studies were conducted upon formulating the eight natural oil nano-

emulsions.  Naik et al. (2000:319) stated that the suitable limits for a formulation on the skin should 

be between pH 5 and 9.  All eight nano-emulsions had pH values between 5.1 and 5.77, which 

indicated the nano-emulsions all had acceptable pH.  Viscosity of the nano-emulsions was very 

low (2.59 – 2.91 cP), which could be because 80% of the nano-emulsion contained water.  Zeta-

potential was depicted to be highly negative at - 30 mV to - 38 mV, indicating a stable dispersion 

for all eight nano-emulsions; all eight also depicted small droplet sizes, which ranged between 83 

and 130 nm. This was within the size range for nano-emulsions (10 nm to 10 µm) (Wiechers, 

2008:173). 

During the membrane release studies, no API was found within the receptor phase.  Skin diffusion 

studies presented the same after 2 h withdrawals. Consequently, the withdrawal period was 
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altered to only one extraction after 12 h.  No data was obtained within the receptor phase after 

12 h extractions, hence no transdermal penetration occurred. 

After the skin diffusions studies, tape-stripping studies were conducted.  From the individual nano-

emulsions containing safflower oil (S1, S2 and S3), it was evident that S2 (19.922 ± 1.576 µg/ml) 

depicted the highest concentration in the stratum corneum-epidermis (SCE), whereas S3 

(9.905 ± 1.486 µg/ml) depicted the highest concentration in the epidermis-dermis (ED).  By 

looking at the individual nano-emulsions containing olive oil (O1, O2 and O3), it was evident that 

O2 (13.433 ± 1.099 µg/ml) depicted the highest concentration in the SCE, whereas O3 

(6.195 ± 0.781 µg/ml) depicted the highest concentration in the ED.  By comparing the 

combination nano-emulsions (S4 and O4) in the SCE, it was evident that no trace of DQ was 

found. CLF within the O4 (9.383 ± 0.362 µg/ml) depicted higher results than S4 

(4.035 ± 0.205 µg/ml), whereas ART within S4 (27.455 ± 1.695 µg/ml) depicted higher results 

than that of O4 (19.864 ± 1.241 µg/ml).   By comparing S4 and O4 within the ED, it is evident that 

ART was not present.  S4 depicted higher concentrations with regards to CLF 

(2.793 ± 0.286 µg/ml) and DQ (8.556 ± 0.808 µg/ml), than CLF (1.801 ± 0.351 µg/ml) and DQ 

(3.998 ± 0.348 µg/ml) in O4.  It was evident from the nano-emulsions that CLF and DQ from the 

individual nano-emulsions (S1, S3, O1 and O3) reached both the SCE and ED, whereas ART 

only reached the SCE (S2 and O2).  It was evident from the combination nano-emulsions (S4 and 

O4) that DQ reached only the ED, ART reached only the SCE and CLF reached both. 

The eight nano-emulsions, together with their placebos, were used in the cytotoxic studies to 

investigate cell toxicity.  A LDH-assay was conducted on HaCaT cell cultures, whereas all nano-

emulsions (S1 – S5 and O1 – O5) were determined to be non-cytotoxic with regard to only 

minimal cell death occurrence during treatment. All nano-emulsions depicted either as non-

cytotoxic or weak cytotoxic, consequently, it can be seen that natural oil nano-emulsions are safe 

and non-cytotoxic. 

After the cytotoxicity testing on HaCaT cells, in vitro efficacy on tuberculous bacterial cells was 

conducted on Mycobacterium tuberculosis (M.tb) strains. All the formulations illustrated very 

positive results with regard to %inhibition (S1 – S4 and O1 – O4), which ranged from 52 to 63% 

inhibition. The results indicated that nano-emulsions containing safflower oil had increased 

%inhibition values compared to those containing olive oil.  From the results obtained, it is apparent 

that both placebos (S5 and O5) also depicted %inhibition.  This could possibly be explained by 

the use of natural oils incorporated in the nano-emulsions and therefore could perhaps be used 

as a basic nano-emulsion formula to incorporate the APIs (ART, CLF and DQ separately or in 

combination) for the future topical treatment of CTB. 

This study contributed to science in the following way: 
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• A literature review on nano-emulsions was written and published. 

• A novel validated HPLC method to identify and quantify CLF, ART and DQ, 

simultaneously. 

• No incompatibilities were detected when CLF, ART and DQ were combined with the 

natural oils, which in turn were incorporated within the nano-emulsions during HSM and 

microcalorimetry studies. 

• It was also clear that the nano-emulsions could deliver APIs topically without entering the 

systemic circulation. 

• From the dermal toxicity studies, it was evident the nano-emulsions displayed weak 

cytotoxicity and could be applied to the human skin without harm. 

• By looking at the in vitro efficacy on tuberculous bacterial cells, it was evident that the 

eight formulated nano-emulsions did inhibit the growth of Mycobacterium tuberculosis 

cells and could therefore possibly be used in the future for the topical treatment of CTB, 

together with current systemic treatment regimens, since oral therapies for the treatment 

of CTB have shown no, to limited success. 

Future prospects for this study include: 

• Investigation of stability studies over extended periods to ensure that no flocculation, 

creaming, cracking (separation of dispersed phase as a layer), miscellaneous instability 

or phase inversion takes place. 

• Alternative artemisinin derivatives, such as artemether, which has a higher lipophilic profile 

and demonstrates higher oil solubility, in combination with CLF and DQ may be used as 

APIs for the possible treatment of CTB topically. 

• Other natural oils with a higher concentration of linoleic acid may be investigated as 

penetration enhancers. 

• Investigation combining nano-emulsions in semi-solids, such as creams or emulgels, to 

determine if it would result in ideal topical delivery of CLF, ART and DQ. 
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A.1 Purpose of validation 

The purpose of method validation is to ensure the method of analysis is reliable, suitable and 

sensitive for the determination of the concentration of the APIs in different formulations (in this 

case nano-emulsions) (ICH, 1995:8; ICH 1996:8; ICH, 2014:7).  In validation, data should be 

validated according to specific guidelines to establish the limits of a parameter, although these 

guidelines are only recommendations (cGMP, 2011; Singh, 2013).  Before any validation process 

commences, the scope and the relevance of the analytical method should be defined and 

although there are various types of validation, only relevant methods will be discussed in this 

appendix (Singh, 2013).  HPLC analyses were used to detect and analyse clofazimine, 

artemisone and decoquinate encapsulated in nano-emulsions used for topical delivery. 

A.2 Chromatographic conditions 

The analytical HPLC method for the analysis of clofazimine, artemisone and decoquinate, 

separately and in combination, was developed with the assistance of Prof Jan du Preez at the 

North-West University (NWU), Potchefstroom, and the experiments were carried out in a 

controlled laboratory environment in the Analytical Technology Laboratory (ATL), at a room 

temperature of 25 °C ± 2 °C. 

Certain factors of the chromatographic conditions had been taken into account when this method 

of analysis was developed and these were: 

Analytical instrument: The analysis of clofazimine, artemisone and decoquinate were 

performed using an Agilent® 1100 Series HPLC system in a 

temperature controlled environment (25 °C  ± 2 °C).  The instrument 

consisted of an Agilent® 1100 pump, diode array detector, 

autosampler injection mechanism and ChemStation Rev. A.10.02 

software for data acquisition and analysis (Agilent Technologies, 

Palo Alto, CA). 

Appendix A: 

Validation of an HPLC analytical method for analysis of clofazimine, 

artemisone and decoquinate 
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Column: Restek Ultra C18 column, 250 x 4.6 mm, 5 µm, 100 Å pores, 20% 

carbon load, endcapped reversed phase column (Restek 

corporation, Bellefonte, USA), pH 2.5 – 8.0, temperature limit: 

80 °C, USP phase code L1. 

Mobile phase: The mobile phase consisted of two phases.  Mobile phase A 

consisted of 0.005 M octanesulphonic-acid sodium salt in HPLC-

grade water with added 2 ml of a 2 M ammonia solution adjusted to 

a pH of 3.5 with 2 M phosphoric acid.  Mobile phase B contained 

chromatography grade acetonitrile. 

Gradient:  The mobile phase gradient given in Table A.1 was used to obtain 

elution of artemisone, clofazimine and decoquinate 

Table A.1: Mobile phase gradient used during HPLC analysis 

Time (min) %A %B 

0.0 35 65 

2.0 35 65 

4.0 10 90 

10.0 10 90 

10.1 35 65 

15.0 35 65 

 

Flow rate: A mobile phase flow rate of 1.0 ml/min was maintained throughout 

all validation analyses. 

Injection volume:  20 µl 

Detection: UV at 210 nm and 284 nm 

Retention time: Clofazimine: Approximately 6.3 min. 

 Artemisone: Approximately 7.3 min. 

 Decoquinate: Approximately 9.8 min. 

Run time: 15.0 min 

Solvent: Ethanol absolute (99.7%) 
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A.3 Preparation of standard and samples 

A.3.1 Standard preparation of clofazimine, artemiso ne and decoquinate 

The standard preparation of clofazimine, artemisone and decoquinate was as follows: 

1. Approximately 7 mg of clofazimine, 40 mg of artemisone and 12 mg of decoquinate were 

accurately weighed and transferred to a 100 ml volumetric flask. 

2. The clofazimine, artemisone and decoquinate were dissolved in 100 ml of absolute 

ethanol (99.7%) (Standard 1). 

3. From this solution, 5 ml was diluted to 50 ml with absolute ethanol (99.7%) (Standard 2). 

4. Subsequently the two standard solutions were filtered into HPLC vials using 0.45 µm 

polyvinylidene fluoride (PVDF) filters. 

A.3.2 Preparation of samples for the analysis of na no-formulations 

The following ingredients and quantities were weighed as shown in Table A.2.  A and B were 

heated separately at 60 °C in beakers, whilst stirring continuously with magnetic stirrers.  Once 

all the ingredients in beaker B were dissolved, the magnetic stirrer was removed from the oil 

phase.  The oil phase was drawn up by a syringe and added drop-wise into the water phase.  The 

formulation was placed under the ultrasonic probe for 3 to 6 min and thereafter in the ultrasonic 

bath for 15 to 20 min.  After the nano-emulsion was prepared, 1 ml was transferred to a 100 ml 

volumetric flask and diluted with absolute ethanol (99.7%) for HPLC analysis.  Natural oils used 

in this study presented with a density of 0.92 g/cm3 and Tween® 80 with 1.08 g/cm3, which was 

converted to %m/m for simplicity purposes. 

Table A.2:  Formula of S1 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Safflower oil 
Surfactant: Tween® 80 
Actives: CLF 

9.2 
7.8 
1.0 
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Table A.3:  Formula of S2 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Safflower oil 
Surfactant: Tween® 80 
Actives: ART 

9.2 
7.8 
1.0 

 

Table A.4:  Formula of S3 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Safflower oil 
Surfactant: Tween® 80 
Actives: DQ 

9.2 
7.8 
1.0 

 

Table A.5:  Formula of S4 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 

Safflower oil 
Surfactant: Tween® 80 
Actives: CLF 
 ART 
 DQ 

9.2 
7.8 
1.0 
1.0 
1.0 

 

Table A.6: Formula of O1 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Olive oil 
Surfactant: Tween® 80 
Actives: CLF 

9.2 
7.8 
1.0 
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Table A.7: Formula of O2 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Olive oil 
Surfactant: Tween® 80 
Actives: ART 

9.2 
7.8 
1.0 

 

Table A.8: Formula of O3 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 
Olive oil 
Surfactant: Tween® 80 
Actives: DQ 

9.2 
7.8 
1.0 

 

Table A.9: Formula of O4 used during HPLC sample preparation 

Ingredients %m/m 

A:  Water phase 
Water 
Surfactant: Span® 60 

80.0 
2.0 

B:  Oil phase 

Olive oil 
Surfactant: Tween® 80 
Actives: CLF 
 ART 
 DQ 

9.2 
7.8 
1.0 
1.0 
1.0 

 

A.3.3 Placebo preparation 

The placebo was prepared as mentioned above, only the API was excluded from the formula. 

A.3.4 Sample preparation for diffusion studies 

Samples were collected from Franz diffusion cells, filtered and transferred into HPLC vials and 

analysed without any further preparation.  See Appendix C. 
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A.4 Validation parameters 

To validate the analytical method the following parameters were used: linearity, limit of detection 

(LOD) and limit of quantification (LOQ), accuracy, precision (inter- and intra-day), ruggedness 

and system suitability. 

A.4.1 Linearity 

The linearity of a certain API can be defined as the ability to elicit experimental procedure results 

that are directly proportional to the concentration (amount) of analyte in the samples, which are 

in a given range of a regression curve (Bansal & DeStefano, 2007:113; ICH 1994:5; Johnson & 

Van Buskirk, 2007:103; USP, 2013:986).  During linearity determination,  a series of three to five 

injections is typically used (ICH, 2005).  The correlation coefficient (R2) of 0.998 is required for a 

valid relation between the regression line and the data (Singh, 2013), which indicates the method 

has accurate and trustworthy linearity and is reliable and precise for analysis of the samples 

(Araujo, 2009:2229). 

Linear regression analysis determined the linearity of the HPLC response (peak areas) versus 

API concentration (µg/ml).  The data is described by a linear equation, namely: 

y = mx + c Equation A.1  

Where: y = Peak area ratios of the different API 

 m = Slope 

 x = Concentration of the different API in µg/ml 

 c = y-intercept 

The linearity results of clofazimine, artemisone and decoquinate are given in Tables A.10, A.11 

and A.12, respectively (where SD is the standard deviation), and the linear regression curves can 

be seen in Figures A.1, A.2 and A.3, respectively. 
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Table A.10:  Linearity results of CLF 

Concentration 
(µg/ml) 

Peak area 

1 2 Mean (± SD) 

1.68 242.00 241.10 241.60 (± 0.64) 

3.35 483.10 482.30 482.70 (± 0.57) 

8.38 1217.80 1200.90 1209.40 (± 11.95) 

16.75 2405.10 2399.70 2402.40 (± 3.82) 

25.13 3590.00 3591.70 3590.90 (± 0.78) 

33.50 4797.60 4772.50 4785.10 (± 17.75) 

41.88 5993.10 6009.90 6001.50 (± 11.88) 

50.25 7241.50 7216.40 7229.00 (± 17.75) 

R2 0.99998 

 Intercept -1.2419 

Slope 143.4621 

 

 

Figure A.1:  Linear regression curve of CLF 
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Table A.11:  Linearity results of ART 

Concentration 
(µg/ml) 

Peak area 

1 2 Mean (± SD) 

5.00 5.10 5.10 5.10 (± 0.00) 

10.00 10.30 10.00 10.20 (± 0.21) 

20.01 19.90 19.90 19.90 (± 0.00) 

30.01 33.20 33.10 33.20 (± 0.07) 

40.01 43.70 43.60 43.70 (± 0.07) 

100.03 107.60 107.50 107.60 (± 0.07) 

200.05 216.50 216.00 216.30 (± 0.35) 

300.08 321.10 320.40 320.80 (± 0.49) 

400.10 432.40 433.80 433.10 (± 0.99) 

R2 0.99993 

 Intercept -0.3746 

Slope 1.0793 

 

 

Figure A.2:  Linear regression curve of ART 
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Table A.12:  Linearity results of DQ 

Concentration 
(µg/ml) 

Peak area 

1 2 Mean (± SD) 

1.50 47.00 49.90 48.50 (± 2.05) 

3.00 98.20 98.60 98.40 (± 0.28) 

6.01 197.40 197.90 197.70 (± 0.35) 

9.01 296.10 296.20 296.20 (± 0.07) 

12.01 395.60 395.60 395.60 (± 0.00) 

30.03 713.30 718.90 716.10 (± 3.96) 

60.05 1432.20 1431.20 1431.70 (± 0.71) 

90.08 2140.70 2144.40 2142.60 (± 2.62) 

120.10 2856.60 2858.90 2857.80 (± 1.63) 

R2 0.9989 

 Intercept 51.8663 

Slope 9.303 

 

 

 

Figure A.3:  Linear regression curve of DQ 
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Linear regression analysis should yield a regression coefficient (R squared) of at least 0.98 but 

0.99 is preferred (Johnson & Van Buskirk, 1998:96).  The regression value (R²) obtained, was 

within the acceptance criteria of 0.99, as seen in Figures A.1 (R2 = 1.0000), A.2 (R2 = 0.9999) and 

A.3 (R2 = 0.9989), which indicates a high degree of linearity and therefore demonstrating good 

response of the analytical system. 

A.4.1.2 Detection limit (LOD) and quantitation limi t (LOQ) 

The LOD is the lowest amount of an API in a sample that can be detected, but cannot be quantified 

as a numerical value by the method.  The LOQ can be described as the lowest probable quantity 

or concentration of an API present in a sample, which can be quantitatively measured with 

acceptable accuracy and precision of an analytical method (FDA, 2001:10; ICH, 2005:17; VICH, 

2015:23).  To determine the LOD and LOQ, different standards were prepared of low 

concentrations and injected into the samples six consecutive times.  The %RSD (percentage 

relative standard deviation) should not exceed 20% for LOD and 15% for LOQ.  The LOD-values 

of CLF, ART and DQ were determined to be 0.04 µg/ml, 4.42 µg/ml and 0.70 µg/ml, with a %RSD 

of 17.28%, 19.17% and 14.47%, respectively.  The LOQ was calculated to be 0.05 µg/ml, 

5.50 µg/ml and 4.00 µg/ml for CLF, ART and DQ, respectively.  The %RSD of the LOQ was 

determined to be 7.6%, 12.15% and 8.32% for CLF, ART and DQ, respectively, which confirms 

less variation between the samples while precision and accuracy were maintained.  The %RSD 

for the APIs are in range, as they did not surpass the %RSD of 20% (Huber, 2010:65). 

A.4.2 Accuracy 

The accuracy of an analytical method, which is sometimes termed trueness (ICH 1994:4), can be 

defined as the closeness of experimental results compared to those of the true value (USP, 

2013:984), thus the measured value and true value (Johnson & Van Buskirk, 1998:102).  Since 

this process does not include any sample preparation, accuracy and precision can only be 

completed by preparing a set of standards and comparing them against another set. 

A.4.2.1 Accuracy analysis of clofazimine, artemison e and decoquinate 

The accuracy of CLF, ART and DQ was determined using the following method: 

1. Approximately 7 mg of CLF, 40 mg of ART and 12 mg of DQ were accurately weighed 

and transferred into a 100 ml volumetric flask and dissolved in ethanol absolute (99.7%). 

2. 5 ml of this solution was transferred into a 50 ml volumetric flask and diluted to volume 

with ethanol absolute (99.7 %). 
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These yielded solutions containing approximately 1.83, 3.65 and 9.13 µg/ml of CLF, 15.0, 20.0 

and 99.8 µg/ml of ART and 2.90, 3.80 and 19.00 µg/ml of DQ.  These solutions were then 

transferred to HPLC vials, after filtering with 0.45 µm PVDF filters.  The subsequent solutions 

were analysed during the accuracy experiment against a standard solution. 

Table A.13:  Accuracy results of CLF 

Concentration spiked 
(µg/ml) 

Peak area Recovery 

Area 1 Area 2 Mean µg/ml % 

1.825 265.30 265.40 265.40 1.80 99.80 

1.825 265.90 265.50 265.70 1.80 99.90 

1.825 264.50 263.60 264.10 1.80 99.30 

3.650 530.90 632.50 531.70 3.70 100.50 

3.650 528.70 529.30 529.00 3.60 100.00 

3.650 530.90 530.10 530.50 3.70 100.20 

9.125 1322.50 1318.70 1320.60 9.10 100.10 

9.125 1317.90 1319.30 1318.60 9.10 100.00 

9.125 1323.10 1311.40 1317.30 9.10 99.90 

 

Table A.14:  Statistical analysis results of CLF 

Statistical analysis  

Mean 100.00 

SD 0.309 

%RSD 0.309 

 

Table A.15:  Accuracy results of ART 

Concentration spiked 
(µg/ml) 

Peak area Recovery 

Area 1 Area 2 Mean µg/ml % 

15.00 17.90 17.80 17.90 14.70 98.30 

15.00 17.80 17.70 17.80 14.60 97.60 

15.00 17.90 17.90 17.90 14.80 98.60 

20.00 23.60 23.60 23.60 20.20 101.20 

20.00 23.40 23.70 23.60 20.10 101.00 

20.00 23.70 23.90 23.80 20.40 102.20 

99.80 106.90 107.20 107.10 99.80 100.10 

99.80 107.10 107.00 107.10 99.80 100.10 

99.80 106.90 106.70 106.80 99.60 99.80 
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Table A.16:  Statistical analysis results of ART 

Statistical analysis 

Mean 99.90 

SD 1.392 

%RSD 1.394 

 

Table A.17:  Accuracy results of DQ 

Concentration spiked 
(µg/ml) 

Peak area Recovery 

Area 1 Area 2 Mean µg/ml % 

2.90 131.40 132.40 131.90 2.50 88.90 

2.90 130.10 130.00 130.10 2.50 87.30 

2.90 139.00 138.80 138.90 2.70 95.10 

3.80 198.00 198.40 198.20 4.20 110.70 

3.80 188.00 187.40 187.70 3.90 103.70 

3.80 194.90 194.60 194.80 4.10 108.40 

19.00 776.10 777.50 776.80 18.80 98.90 

19.00 781.50 780.10 780.80 18.90 99.40 

19.00 797.00 795.00 796.00 19.30 101.40 

Table A.18:  Statistical analysis results of DQ 

Statistical analysis 

Mean 99.32 

SD 7.490 

%RSD 7.540 

 

Recovery should yield a percentage of 98 to 102% (Johnson & Van Buskirk, 2007:99) and the 

mean of the observed concentration should not exceed 15% of all concentrations (within ± 15% 

of the nominal concentration) (Bansal & DeStefano, 2007:111).  The mean %recovery of 

clofazimine, artemisone and decoquinate was 100.0%, 99.9% and 99.32%, respectively, over the 

tested range of 1.83 to 9.13 µg/ml (CLF), 15.00 to 99.80 µg/ml (ART) and 2.90 to 19.00 µg/ml 

(DQ), which are all within the accepted criteria of 98 – 102% (Shabir, 2004:215).  The %RSD of 

CLF (0.309%) and ART (1.394%) are satisfactory and should yield a percentage less than 2% 

(Shabir, 2004:215).  Decoquinate %RSD (7.540%) does not fall within limits and can be explained 

by the percentage recovery column, where the criteria for individual recoveries range between 

85 – 115% and not 98 – 102% since individual recoveries are higher. 
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A.4.3 Precision  

The precision (variability) of an analytical technique is usually expressed as the SD, variance 

(S2), or coefficient of variation (%RSD) of a sequence of measurements.  Precision is an 

analytical procedure, which depicts the closeness of agreement where a series of measurements 

are obtained from multiple samples of the standardised (uniform) sample under the prescribed 

conditions (USP 2013:985).  Precision was investigated by terms of repeatability (intra-day), and 

reproducibility (inter-day). 

A.4.3.1 Intra-day precision (repeatability) 

Repeatability states the precision (spread of the data, variability) within the laboratory over a short 

interlude of time using the same equipment and analyst (ICH 1994:5; USP 2013:985).  

Repeatability (better known as intra-assay precision) was tested as follows: 

1. Three samples were prepared, each of low, medium and high concentration (n = 9). 

2. A set of standards were prepared as described under sample preparation. 

3. The samples were injected into the HPLC in duplicate and analysed. 

Table A.19:  Repeatability results of CLF 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

2.80 398.20 397.90 398.10 2.80 99.80 

2.80 397.90 398.90 398.40 2.80 100.00 

2.80 396.90 398.30 397.60 2.80 99.80 

4.60 667.10 668.30 667.70 4.60 99.90 

4.60 669.70 668.50 669.10 4.60 100.10 

4.60 670.20 66.80 669.50 4.60 100.20 

18.50 2685.10 2683.00 2684.10 18.40 99.70 

18.50 2690.30 2688.60 2689.50 18.50 99.90 

18.50 2700.40 2708.00 2704.20 18.60 100.40 

 

Mean 99.99 

SD 0.22 

%RSD 0.22 
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Table A.20:  Repeatability results of ART 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

14.70 16.90 16.90 16.90 14.60 99.00 

14.70 17.00 16.80 16.90 14.60 99.00 

14.70 16.70 16.90 16.80 14.50 98.40 

24.60 28.20 27.90 28.10 25.00 101.70 

24.60 27.80 27.20 27.50 24.50 99.60 

24.60 28.00 27.90 28.00 24.90 101.30 

98.30 107.60 106.30 107.00 98.40 100.20 

98.30 106.10 106.50 106.30 97.80 99.60 

98.30 107.00 106.80 106.90 98.40 100.10 

 

Mean 99.86 

SD 1.02 

%RSD 1.02 

 

Table A.21:  Repeatability results of DQ 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

4.70 154.40 153.90 154.20 4.40 93.60 

4.70 155.10 155.30 155.20 4.40 94.70 

4.70 153.70 155.00 154.40 4.40 93.80 

6.20 197.60 197.30 197.50 6.40 103.10 

6.20 202.00 201.80 201.90 6.60 106.40 

6.20 199.50 199.70 199.60 6.50 104.70 

31.00 711.30 714.50 712.90 30.60 98.80 

31.00 720.40 720.90 720.70 31.00 100.00 

31.00 726.70 728.70 727.70 31.30 101.00 

 

Mean 99.60 

SD 4.48 

%RSD 4.50 

 

Precision should yield a percentage up to 2%, but should not exceed 15% at all concentrations 

(Bansal & DeStefano, 2007:111) or coefficient of variation (cGMP, 2001:10).  The mean 

%recovery of CLF, ART and DQ was 99.98%, 99.86% and 99.57%, respectively, which are all 

within the accepted criteria of 98 – 102% (Shabir, 2004:215).  The %RSD was satisfactory with a 

%RSD of 0.22%, 1.02% and 4.49% for CLF, ART and DQ, respectively; the DQ %RSD does not 
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fall in the less than 2% category, however for the individual recovery it falls within the criteria, 

which is less than 5% (Shabir, 2004:215). 

A.4.3.2 Inter-day precision (reproducibility) 

Reproducibility expresses precision between laboratories, which is usually collaborative studies 

applied to standardise methodology (ICH 1994:5). 

Table A.22:  Inter-day results of CLF 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

2.63 384.60 384.40 384.50 2.62 99.87 

2.63 383.70 384.10 383.90 2.62 99.72 

2.63 384.90 386.30 385.60 2.63 100.16 

3.50 513.90 513.70 513.80 3.50 100.09 

3.50 513.20 512.60 512.90 3.50 99.92 

3.50 514.20 514.40 514.30 3.51 100.19 

17.50 2569.00 2560.40 2564.70 17.49 99.92 

17.50 2566.80 2570.10 2568.45 17.51 100.06 

17.50 2565.90 2568.40 2567.15 17.50 100.01 

 

Mean 99.99 

SD 0.14 

%RSD 0.14 

 

Table A.23:  Inter-day results of ART 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

15.26 17.70 17.20 17.45 14.96 98.00 

15.26 17.30 17.80 17.55 15.05 98.63 

15.26 17.70 17.40 17.55 15.05 98.63 

20.35 23.60 23.00 23.30 20.57 101.10 

20.35 23.50 23.40 23.45 20.72 101.81 

20.35 23.30 23.20 23.25 20.53 100.87 

101.75 107.90 107.70 107.80 101.72 99.97 

101.75 108.20 107.70 107.95 101.86 100.11 

101.75 108.00 107.40 107.70 101.62 99.88 

 

Mean 99.89 

SD 1.20 

%RSD 1.20 
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Table A.24:  Inter-day results of DQ 

Concentration spiked 
(µg/ml)  

Peak area  Recovery  

Area 1 Area 2 Mean µg/ml % 

4.69 131.40 132.40 131.90 4.17 88.99 

4.69 130.10 130.00 130.05 4.09 87.35 

4.69 139.00 138.80 138.80 4.46 95.09 

6.25 198.00 198.40 198.40 6.93 110.86 

6.25 188.00 187.40 187.40 6.47 103.56 

6.25 194.90 194.60 194.60 6.77 108.34 

31.25 776.10 777.50 777.50 30.94 99.02 

31.25 781.50 780.10 780.10 31.05 99.37 

31.25 797.00 795.00 795.00 31.67 101.34 

 

Mean 99.33 

SD 7.49 

%RSD 7.54 

 

Table A.25:  Reproducibility results of CLF 

 

Day 1 Day 2 Day 3 Between days  

99.80 100.10 100.20  

100.20 100.20 100.20  

100.20 100.20 100.00  

Mean 100.07 100.17 100.12 100.12 

SD 0.19 0.05 0.08 0.13 

%RSD 0.19 0.05 0.08 0.13 

 

Table A.26:  Reproducibility results of ART 

 

Day 1 Day 2 Day 3 Between days  

98.40 98.80 98.60  

101.30 101.00 100.90  

100.10 98.90 99.90  

Mean 99.93 99.57 99.79 99.76 

SD 1.19 1.01 0.92 1.06 

%RSD 1.19 1.02 0.92 1.06 
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Table A.27:  Reproducibility results of DQ 

 

Day 1 Day 2 Day 3 Between days  

98.90 100.80 99.00  

99.40 99.10 99.40  

101.00 100.00 101.30  

Mean 99.78 99.96 99.91 99.88 

SD 0.92 0.68 1.02 0.89 

%RSD 0.92 0.68 1.02 0.89 

 

Inter-day precision must be 5% or less.  The intra-day, intermediate precision inter-day %RSD 

total values of 0.19%, 0.05% and 0.08% were within acceptable limits, as shown in Table A.25, 

for CLF.  The intra-day, intermediate precision inter-day %RSD total values of 1.19%, 1.02% and 

0.92% were within acceptable limits for ART, as shown in Table A.26.  The intra-day, intermediate 

precision inter-day %RSD total values of 0.92%, 0.68% and 1.02% were within acceptable limits 

for DQ, as shown in Table A.27 (Shabir, 2004:215; Singh, 2013:29). 

A.4.4 Ruggedness 

A.4.4.1 Sample stability 

Sample stability refers to the physical or chemical stability of an analyte in a given matrix under 

very specific conditions over several time intervals (Bansal & DeStefano, 2007:113).  The %RSD 

should be less than 2% (Ermer & Miller, 2005; Huber, 2015).  Ruggedness is a critical component 

in validation as it depicts the interval between sample collection and analysis (Huber, 2015).  A 

sample was left on the auto sampler tray and re-analysed over several time intervals to determine 

stability during which all the test parameters were kept the same. 
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Table A.28:  Results of sample stability of CLF 

Time (h) Peak area %Remaining 

0 430.90 100.0 

1 428.80 99.50 

2 432.30 100.30 

3 430.60 99.90 

4 429.80 99.70 

5 429.50 99.70 

6 429.40 99.70 

7 430.70 100.00 

8 430.10 99.80 

9 429.90 99.80 

10 430.40 99.90 

11 429.60 99.70 

12 430.00 99.80 

13 431.20 100.10 

14 431.30 100.10 

15 431.20 100.10 

16 431.20 100.10 

17 430.90 100.00 

18 431.40 100.10 

19 431.50 100.10 

20 432.00 100.30 

21 431.70 100.20 

22 431.40 100.10 

23 431.30 100.10 

24 432.00 100.30 

Mean 430.80 100.00 

SD 0.90 0.21 

%RSD 0.21 0.21 
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Table A.29:  Results of sample stability of ART 

Time (h) Peak area %Remaining 

0 23.20 100.00 

1 23.50 101.30 

2 23.20 100.00 

3 23.30 100.40 

4 23.30 100.40 

5 23.20 100.00 

6 23.20 100.00 

7 23.40 100.90 

8 23.40 100.90 

9 23.30 100.40 

10 23.30 100.40 

11 23.00 99.10 

12 22.90 98.70 

13 23.00 99.10 

14 23.00 99.10 

15 23.00 99.10 

16 23.10 99.60 

17 23.00 99.10 

18 23.20 100.00 

19 23.30 100.40 

20 23.20 100.00 

21 23.50 101.30 

22 23.20 100.00 

23 23.00 99.10 

24 23.10 99.60 

Mean 23.20 100.00 

SD 0.16 0.70 

%RSD 0.70 0.70 
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Table A.30:  Results of sample stability of DQ 

Time (h) Peak area %Remaining 

0 179.10 100.0 

1 186.80 104.30 

2 186.90 104.40 

3 186.60 104.20 

4 186.70 104.20 

5 186.90 104.40 

6 187.10 104.50 

7 187.50 104.70 

8 186.70 104.20 

9 186.90 104.40 

10 186.60 104.20 

11 187.60 104.70 

12 187.80 104.90 

13 187.80 104.90 

14 187.50 104.70 

15 187.70 104.80 

16 187.80 104.90 

17 188.10 105.00 

18 187.60 104.70 

19 188.00 105.00 

20 187.80 104.90 

21 188.00 105.00 

22 188.40 105.20 

23 187.80 104.90 

24 187.70 104.80 

Mean 187.1 104.5 

SD 1.71 0.96 

%RSD 0.92 0.92 

 

Sample solutions should not be used for a period longer than it takes to degrade by 2% and in 

this case, distinctive provisions should be followed to compensate for the degradation.  The 

clofazimine sample solution was stable over a period of 24 h, with only a 0.21% variation in 

concentration over this period; the artemisone sample solution was stable over a period of 24 h 

with a 0.70% variation in concentration over this period; the decoquinate sample solution was 

also stable over a period of 24 h with only a 0.92% variation in concentration over this period.  
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Instability of decoquinate was observed within the first hour and stabilised thereafter, indicating it 

was stable during the 24 hr analysis. 

A.4.4.2 System repeatability (system suitability) 

System repeatability is known as the ability of the method to yield a similar concentration for one 

sample when measured at different time intervals (Bansal & DeStefano, 2007:113).  A sample 

was injected ten times in order to test the repeatability of the peak area as well as the retention 

time.  The %RSD criteria for system repeatability for both peak areas, as well as the retention 

times, should be < 1% (Shabir, 2004:217). 

Table A.31:  Results of system repeatability of CLF 

 

Peak area Retention time (min) 

2361.10 6.23 

2361.90 6.22 

2356.30 6.27 

2354.80 6.27 

2358.70 6.27 

2358.40 6.28 

2363.10 6.28 

2361.80 6.28 

2382.20 6.28 

2365.00 6.28 

Mean 2362.30 6.26 

SD 7.25 0.021 

%RSD 0.31 0.342 
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Table A.32:  Results of system repeatability of ART 

 

Peak area Retention time (min) 

105.10 7.32 

105.00 7.32 

104.80 7.32 

104.40 7.31 

103.70 7.31 

103.60 7.31 

103.80 7.31 

103.50 7.31 

103.70 7.32 

103.60 7.30 

Mean 104.10 7.31 

SD 0.60 0.005 

%RSD 0.58 0.073 

 

Table A.33:  Results of system repeatability of DQ 

 

Peak area Retention time (min) 

620.80 9.86 

624.50 9.88 

624.20 9.84 

623.30 9.84 

623.10 9.84 

623.70 9.84 

625.60 9.85 

629.20 9.85 

631.00 9.86 

632.70 9.82 

Mean 625.80 9.85 

SD 3.65 0.014 

%RSD 0.58 0.140 

 

The peak area and retention times should have a %RSD of 2% or less.  System performance 

proved to be well within the acceptable range, with %RSD values of 0.31% for peak area and 

0.34% for retention time for CLF, %RSD values of 0.58% for peak area and 0.07% for ART and 

%RSD values of 0.58% for peak area and 0.14% for DQ, respectively. 
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A.5 Conclusion  

The method performed well and should be appropriate to analyse clofazimine, artemisone and 

decoquinate during transdermal and topical drug delivery studies.  In addition, the analytical 

method will be suitable for stability testing, quality control and batch release purposes of all three 

APIs.  The method can be considered to be stability-indicating. 
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B.1 Introduction 

Pre-formulation can be defined as studies that should be done prior to the development of the 

formulation. The main goal of pre-formulation is to allow coherent development of efficacious, 

stable and safe drug dosage forms, which are mostly concerned with the characterisation of the 

API’s physicochemical properties. Therefore, in the pre-formulation stage, all the required aspects 

must be covered by the protocols (Waters & Brain, 2002:321). 

Emulsions have been studied extensively, as potential carrier systems, for drug delivery to 

specific regions in the body (Davies et al., 1985; Donovan & Flanagan, 1996; Fernandez et al., 

2000; Izquierdo et al., 2007:263).  Nano-emulsions are promising drug carrier systems used for 

enhancing transdermal drug delivery (Shakeel et al., 2007:104) and are frequently used in the 

pharmaceutical and cosmetic fields for topical applications. Advantages of nano-emulsions 

include solubilising both lipophilic and hydrophilic APIs (Förster & Von Rybinski, 1998; Izquierdo 

et al., 2007:263). 

Studies show that nano-emulsions commonly increase skin permeation of drug molecules when 

compared to simple solutions, since there is a relative increase of the API concentration in the 

dispersed phase (Förster & Von Rybinski, 1998; Izquierdo et al., 2007:263).  Two natural oils will 

be examined, safflower and olive oil, and eight nano-emulsions will be formulated, i.e. S1 to S4 

and O1 to O4. 

B.2 Materials 

B.2.1 Ingredients used to formulate nano-emulsions 

The ingredients used during the pre-formulation of the nano-emulsions, as well as the supplier 

and batch number are listed in Table B.1. 

Appendix B: 

Pre-formulation, formulation and characterisation of nano-emulsions 

containing a natural oil and clofazimine, artemisone and decoquinate 
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Table B.1: Ingredients used in the study 

Ingredient Supplier Batch number 

Safflower oil CJP Chemicals - 

Olive oil CJP Chemicals - 

CLF Cipla (India) - 

ART Cipla (India) - 

DQ Hohance Chemistry HH10121001 

Span® 60 Merck 5361721034 

Tween® 80 Merck 1042689 

Milli-Q® Water Millipore - 

 

B.2.1.1 Natural oils 

The oil phase of an o/w nano-emulsion can consist of a variety of mineral, synthetic or natural oils 

with either medium or long chain triglycerides (Baibhav et al., 2011:68).  An important function of 

the oil phase is that the oil should solubilise the lipophilic API, for maximum drug loading to be 

achieved, as well as to facilitate the formation of the o/w nano-emulsion (Reddy et al., 2013:87; 

Setya et al., 2014:2218).  In this study, two natural oils were used, safflower and olive oil, which 

contain linoleic acid (C18-unsaturated fatty acid) that forms the oil phase of the o/w nano-emulsion 

(Williams & Barry, 2012:132). 

B.2.1.2 Clofazimine 

CLF is classified as lipophilic antibiotic riminophenazine (Cholo et al., 2011:291), which 

demonstrates efficacy against TB in animal models even though it was primarily used for leprosy.  

The compound possesses anti-inflammatory and antimycobacterial activities (Cholo et al., 

2011:291), but physiochemical properties, such as tissue accumulation (which causes skin 

discoloration) and an extremely long half-life of the API, limits the use thereof (Lu et al., 

2011:5813). 

B.2.1.3 Artemisone 

ART can be described as a 10-alkylaminoartemisinin, which was developed as a potent 

antimalarial drug.  Artemisone is a derivate of artemisinin, which is a thermally stable compound, 

and has a log D of 2.49 and an aqueous solubility of 89 mg/l. This compound is classified as a 

non-lipophilic drug even though it is poorly soluble in water. The low lipophilicity reduces cyto- 

and neurotoxicity in in vivo and in vitro assays (Haynes et al., 2006:2; Nagelschmitz et al., 

2008:3087). 
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B.2.1.4 Decoquinate  

DQ is a 4-hydroxy quinolone, which is currently an approved veterinary drug (Biamonte et al., 

2013:2838). DQ’s mechanism has an anticoccidial activity through disruption of the electron 

transport in the mitochondrial cytochrome system of coccidia (Mikota & Plumb, 2014; Williams, 

1997:102). 

B.2.1.5 Emulsifiers 

Emulsifiers, also known as surfactants, are incorporated within a nano-emulsion to decrease 

interfacial tension, existing between the oil and the water phase. Other functions include 

promoting emulsification during the manufacturing process (Setya et al., 2014:2218).  For the 

formulation of an o/w nano-emulsion, a hydrophilic/lipophilic balance (HLB) of 9 to 18 is required 

and therefore a combination of hydrophilic and lipophilic surfactant was used (Setya et al., 

2014:2218). 

B.2.1.5.1 Emulsifiers classified by hydrophilic/lip ophilic balance 

Emulsifiers, known as surfactants, are amphiphilic molecules (contains both lipophilic and 

hydrophilic groups).  The HLB number is used as a measure of ratio for both the hydrophilic and 

lipophilic groups and range from 0 to 20.  A number lower than 10 has affinity for lipophilic 

molecules and higher than 10 has an affinity for hydrophilic molecules.  Tween® 80 has a HLB 

value of 14.9, while Span® 60 has a HLB of 4.7 (HLB Sigma, 2011). 

B.2.1.5.2 Sorbitan monostearate (Span ® 60) 

Span® 60, which is classified as a sorbitol monostearate ester, is a non-ionic surfactant 

possessing the function of emulsifying, dispersing and suspending (Zhang, 2009b:675).  

Span® 60 possesses a HLB value of 4.7, indicating it is a lipophilic surfactant and should be 

incorporated in the oil phase of the nano-emulsion (Zhang, 2009:678). 

B.2.1.5.3 Polysorbate 80 (Tween ® 80) 

Tween® 80 can be classified as a polyoxyethylene 80 sorbitan fatty acid, which acts as a non-

ionic hydrophilic surfactant in the nano-emulsion (Zhang; 2009:678).  Functions of Tween® 80 

include decreasing energy needed to create the nano-emulsion and therefore contributes to 

stable formulations (Chime et al., 2014:91).  Tween® 80 possesses a HLB value of 14.7 (HLB 

Sigma, 2011), indicating it is a hydrophilic surfactant and should consequently be incorporated in 

the water phase nano-emulsion (Reddy et al., 2013:87). 
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B.2.1.6 Water 

The water phase of an o/w nano-emulsion constitutes the greatest part and consists of aqueous 

material, such as alcohols or water, which is primarily used as the solvent (Williams & Barry, 

2012:132). In this study, Milli-Q® water was used as the water phase within the o/w nano-

emulsion. 

B.3 Compatibility studies 

Prior to pre-formulating the nano-emulsions, compatibility studies were done. Drug/excipient 

compatibility forms an important part of the pre-formulation stage in all dosage forms, as it 

determines potential chemical and physical interactions between a drug and excipient because it 

can affect the bioavailability and stability of the API (Corvi et al., 2006) and in turn the therapeutic 

efficacy and safety (Bharate et al., 2010: 1,2).  Differential scanning calorimetry (DCS) results 

should be confirmed with thermal activity results, since DCS results alone can be inconclusive 

and misleading (Bharate et al., 2010: 1, 2). 

B.3.1 Differential scanning calorimetry 

Physical mixtures of the API were prepared for the compatibility studies by mixing the API and 

individual excipients in a mortar and pestle (1:1 (w/w) ratio). Using the differential scanning 

calorimetry (DSC), the mixtures and single compounds were analysed. To determine if there were 

any incompatibilities, the resulting DSC thermograms of the mixtures were compared.  Possible 

incompatibilities were shown as the presence of a peak shift, appearance of new peaks, or the 

disappearance of peaks in the DSC thermograms of the mixtures. The DSC-60 Shimadzu 

instrument (Shimadzu, Japan) was used in this study to record the DSC thermograms.  Samples 

weighing approximately 3 to 5 mg were placed in aluminium-crimped cells then heated to the 

desired temperature; the heating rate was 10 °C/min and the nitrogen gas flow was 35 ml/min.  

Table B.2 represents the experimental setup and conditions for the DSC analysis. 

Table B.2: Experimental setup and conditions for DSC analysis 

Starting temperature 25 °C 

Maximum temperature 300 °C 

Heating rate 10 °C/min 

Nitrogen flow rate 35  ml/min 
 

As observed in Figure B.1, CLF, ART and DQ were melted apart and a physical mixture of 1:1.  

No interference of compatibility can be detected in Figure B.1 after the APIs were combined. 
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Figure B.1: CLF, ART and DQ combination differential scanning calorimetry 

B.3.2 Thermal activity monitor 

A 2277 Thermal Activity Monitor (TAMIII) (TA Instruments, USA), equipped with an oil bath, with 

a stability of ± 100 µK over 24 h was used for compatibility testing. The temperature of the 

calorimeters was set and maintained at a specific temperature.  The temperature was determined 

through preliminary thermal analyses of all compounds tested.  For compatibility studies, the heat 

flow was measured for the single components, as well as the mixtures.  The observed calorimetric 

outputs for the individual samples are summed to give a theoretical response. This calculated 

hypothetical response represents a calorimetric output that would be expected if the two materials 

do not interact with each other. If the materials interact, the measured calorimetric response would 

differ from the calculated theoretical response. The mixtures were prepared in duplicate, therefore 

two individual heat flow signals will be compared with the theoretical response. For each sample, 

approximately 50 mg was weighed.  The following matrix was used for compatibility testing: 

• olive oil and CLF combination; 

• olive oil and ART combination; 

• olive oil and DQ combination; 

• safflower oil and CLF combination; 

• safflower oil and ART combination; 

-10.00 

-20.00 
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0.00 

Temp (°C) 100 200 300 
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Decoquinate 156 °C 

247 °C 

80 °C 
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• safflower oil and DQ combination; 

• olive oil with combination of CLF, ART and DQ; 

• safflower oil with combination of CLF, ART and DQ. 

 

 

Figure B.2: Heat flow versus time graph obtained for a 1:1 combination of CLF and Tween® 80.  

The green, blue and pink lines represent measured, theoretical and interaction, respectively. 

 

  

Figure B.3:  Heat flow versus time graph obtained for a 1:1 weight combination of CLF, 

Tween® 80 and safflower oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 
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Figure B.4: Heat flow versus time graph obtained for a 1:1 weight combination of CLF, 

Tween® 80 and olive oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 

 

  

Figure B.5: Heat flow versus time graph obtained for a 1:1 weight combination of ART and 

Tween® 80.  The green, blue and pink lines represent measured, theoretical and 

interaction, respectively. 



 

 
153 

 

 

  

Figure B.6: Heat flow versus time graph obtained for a 1:1 weight combination of ART, 

Tween® 80 and safflower oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 

 

  

Figure B.7: Heat flow versus time graph obtained for a 1:1 weight combination of ART, 

Tween® 80 and olive oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 
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Figure B.8: Heat flow versus time graph obtained for a 1:1 weight combination of ART, 

Span® 60 and safflower oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 

 

  

Figure B.9: Heat flow versus time graph obtained for a 1:1 weight combination of ART, 

Span® 60 and olive oil.  The green, blue and pink lines represent measured, 

theoretical and interaction, respectively. 

Table B.3 depicts the microcalorimetry results (interaction heat flow) obtained, together with an 

indication if any incompatibilities were identified. Incompatibilities between the API, oil or 

surfactant were represented in Figures B.2 to B.9.  All samples were tested at a temperature of 

32 °C in a combination ratio of 1:1 (w/w). 
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Table B.3: Interaction heat flow results of TAM 

Excipients Interactive heat flow 
(µW/g) 

Incompatibility 
identified 

CLF and olive oil 2.33 ± 2.81 None 

CLF and safflower oil 2.16 ± 2.59 None 

CLF and Tween ® 80 65.86 ± 0.00 Possible incompatibility 

CLF, Tween ® 80 and safflower oil -27.71 ± 36.35 Possible incompatibility 

CLF, Tween ® 80 and olive oil 3580.00 ± 0.00 Possible incompatibility 

CLF and Span ® 60 6.82 ± 7.46 None 

CLF, Span ® 60 and safflower oil -19.14 ± 25.41 None 

CLF, Span ® 60 and olive oil -22.420 ± 29.83 None 

ART and olive oil 16.79 ± 16.82 None 

ART and safflower oil 20.89 ± 20.91 None 

ART and Tween ® 80 93.43 ± 0.00 Possible incompatibility 

ART, Tween ® 80 and safflower oil 69.82 ± 70.61 Possible incompatibility 

ART, Tween ® 80 and olive oil 93.26 ± 95.16 Possible incompatibility 

ART and Span ® 60 -6.43 ± 6.68 None 

ART, Span ® 60 and safflower oil 48.47 ± 53.42 Possible incompatibility 

ART, Span ® 60 and olive oil 77.32 ± 85.45 Possible incompatibility 

DQ and olive oil 4.25 ± 4.39 None 

DQ and safflower oil 4.52 ± 4. 67 None 

DQ and Tween ® 80 2.63 ± 8.37 None 

DQ, Tween® 80 and safflower oil 17.84 ± 20.11 None 

DQ, Tween® 80 and olive oil 8.50 ± 12.23 None 

DQ and Span ® 60 13.35 ± 15.39 None 

DQ, Span® 60 and safflower oil 0.71 ± 1.15 None 

DQ, Span® 60 and olive oil -7.64 ± 9.11 None 

Olive oil combination of CLF, 
ART and DQ 16.54 ± 16.59 None 

Safflower oil combination of 
CLF, ART and DQ 13.04 ± 13.12 None 

 

Incompatibilities were observed, as clear and distinct deviations were evident from the slopes of 

the individual curves.  The heat flow (which was measured) also differed significantly compared 

to the calculated heat flow error.  It is evident, by looking at Figures B.2 to B.9 that the compatibility 

decreased after the surface-active agents (Tween® 80 and Span® 60) were added.  As seen in 

Table B.3, when the APIs (CLF, ART and DQ alone and in combination) were mixed with the 

natural oils (safflower and olive oil), no interaction existed; indicating that the APIs can be 

combined with natural oils separately and in combination without any incompatibility.  Futhermore, 

no incompatibility was observed when the APIs where separately combined with Span® 60.  



 

 
156 

 

However, an incompatibility was observed when CLF was separately combined with Tween® 80 

(Figure B.2) and in combination with either safflower- (Figure B.3) or olive oil (Figure B.4).  Similar 

results were noticed when ART was separately combined with Tween® 80 (Figure B.5) and in 

combination with either safflower- (Figure B.6) or olive oil (Figure B.7).  ART also depicted an 

incompatibility when it was combined with Span® 60 and either safflower- (Figure B.8) or olive oil 

(Figure B.9).  DQ indicated no incompatibility when combined with Tween® 80, Span® 60 or either 

natural oil separately or in combination.   

B.3.3 Hot stage microscope (HSM) 

During this study, a small amount of sample was placed on a microscope slide and either covered 

with silicon oil (Fluka Chemika, Switzerland) and a cover slide (in the case of solvates), or only a 

cover slide.  A Nikon Eclipse E400 thermo-microscope (Tokyo, Japan) with a Leitz 350 heating 

unit (Wetzlar, Germany) and a Metratherm 1200d thermostat were used for the hot-stage 

microscopy. A Nikon Simple Polarising Attachment (Tokyo, Japan) was used on the same 

microscope for the polarising optical microscopy. Photographs were taken using a Nikon 

Coolpix 5400 digital camera (Tokyo, Japan), which was attached to the microscope.  

Tables B.4 to B.7 depict the hot stage microscope (HSM) results with corresponding thermal 

events. 

Table B.4: Results of hot stage microscopy for CLF 

Micrograph Temperature Remark 

 

20.8 °C CLF raw material Was 
observed as a red powder 

 

230.0 °C CLF starts to melt 

 

242.2 °C CLF completely melted 

Table B.5: Results of hot stage microscopy for ART 
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Micrograph Temperature Remark 

 

34.9 °C ART raw material clear, 
rectangular shaped crystals 

 

137.0 °C 
ART starts to melt 

(Simultaneous degradation 
and melting) 

 

162.0 °C ART completely melted 

 

Table B.6: Results of hot stage microscopy for DQ 

Micrograph Temperature Remark 

 

34.5 °C Raw material identified as a 
very dense powder 

 

249.5 °C DQ starts to melt 

 

250.7 °C DQ almost completely 
melted 
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Table B.7: Results of hot stage microscopy for the combination of CLF, ART and DQ 

Micrograph Temperature Remark 

 

50.1 °C Combined raw materials 

 

154.3 °C ART starts to melt 

 

189.7 °C CLF and DQ dissolves in 
ART 

 

During HSM studies, the three APIs were melted separately and in combination.  When combined, 

it is evident that ART has the lower melting point starting at 137 °C.  It is noticeable that CLF and 

DQ start to dissolve within ART’s liquid, which results in a molten soluble mass.  Neither thermal 

events, phase transitions or crystallisation were observed. 

B.4 Pre-formulation of nano-emulsions 

B.4.1 Natural oil solubility of CLF, ART and DQ 

As can be seen with the compatibility studies, the natural oils were safe to use during the pre-

formulation studies. During the solubility study, the solubility of all three APIs was tested 

separately and in combination for both the safflower and the olive oil. The study was conducted 

by preheating a water shaker bath to 32 °C.  For each natural oil (safflower and olive oil), 5 ml 

was placed within test tubes and an excess amount of API was added, i.e. CLF in safflower oil, 

CLF in olive oil, ART in safflower oil, ART in olive oil, etc.  The test tube was sealed and placed 

in the bath for 24 h for saturation to take place.  Afterwards, 2 ml of each test tube was removed 

with a micropipette, placed into a 2 ml microcentrifuge tube and centrifuged.  After centrifugation, 

2 µl of the supernatant (oil) was removed using a micropipette and placed in a new test tube. 

Tetrahydrofuran (5 ml) was added to this test tube and mixed by means of vortex. After mixing, it 

was transferred to a HPLC vial and by means of HPLC, the concentration was determined in the 
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oil.  Table B.8 depicts the amount of API that can be incorporated within the oil-phase for 4.6 ml 

of natural oil. 

Table B.8: Pre-formulation nano-emulsion API concentrations 

Oil phase API Weight (w/v) 

Olive oil CLF 61.5 mg 

Olive oil ART 179.8 mg 

Olive oil DQ 1.9 mg 

Olive oil 
CLF 
ART 
DQ 

70.8 mg 
379.2 mg 
8.1 mg 

Safflower oil CLF 72.1 mg 

Safflower oil ART 199.3 mg 

Safflower oil DQ 3.4 mg 

Safflower oil 
CLF 
ART 
DQ 

136.0 mg 
210.4 mg 
8.4 mg 

 

B.4.2 Formulation of the nano-emulsion 

Nano-emulsions were pre-formulated using a trial and error approach, utilising existing formulas 

and changed as necessary.  Table B.9 depicts the first formulas used in the nano-emulsions with 

and without API (placebos).  In this study eight nano-emulsions containing CLF, ART and DQ, 

separately and in combination, with natural oils (safflower and olive oil) were formulated using a 

high energy emulsification method, i.e. ultrasonification, together with their placebos, S1 to S5 

and O1 to O5. 
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Table B.9: Pre-formulation nano-emulsion formulas 

Formula Water phase Weight (v/v) Oil phase Weight ( w/v) 

O1 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Olive oil 
Span® 60 

CLF 

10% (4.6 ml) 
1000.0 mg 
61.5 mg 

O2 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Olive oil 
Span® 60 

ART 

10% (4.6 ml) 
1000.0 mg 
179.8 mg 

O3 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Olive oil 
Span® 60 

DQ 

10% (4.6 ml) 
1000.0 mg 

1.9 mg 

O4 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Olive oil 
Span® 60 

CLF 
ART 
DQ 

10% (4.6 ml) 
1000.0 mg 
70.8 mg 

379.2 mg 
8.1 mg 

O5 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Olive oil 
Span® 60 

10% (4.6 ml) 
1000.0 mg 

S1 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Safflower oil 
Span® 60 

CLF 

10% (4.6 ml) 
1000.0 mg 
72.1 mg 

S2 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Safflower oil 
Span® 60 

ART 

10% (4.6 ml) 
1000.0 mg 
199.3 mg 

S3 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Safflower oil 
Span® 60 

DQ 

10% (4.6 ml) 
1000.0 mg 

3.4 mg 

S4 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Safflower oil 
Span® 60 

CLF 
ART 
DQ 

10% (4.6 ml) 
1000.0 mg 
136.0 mg 
210.4 mg 
8.4 mg 

S5 
Water 

Tween® 80 
40.0 ml 
3.6 ml 

Safflower oil 
Span® 60 

10% (4.6 ml) 
1000.0 mg 

 

Of importance, since the initial %concentration of API was too low, it was decided to increase 

each concentration to 1% (w/v) to ensure that enough API was present in the nano-emulsion, 

thereby making sure that if no API was found in or through the skin, it would not be due to too low 

an initial concentration.  With the initial formulation, a 5% oil phase was used, but it separated 

after a brief time, hence it was decided to increase the oil phase to 10%, while the other 10% 

comprised of the surfactants. 
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B.5 Methods 

B.5.1 General formulation method of the nano-emulsi on 

Various methods exist to formulate nano-emulsions.  Nano-emulsions consist of oil and water and 

can be formulated into an oil in water (o/w) formulation or a water in oil (w/o) formulation and 

contain surfactants to prohibit phase-separation and when mixed, form a heterogeneous, two 

phase mixture (Chime et al, 1014:77).  Energy, i.e. low-energy emulsification method (LEE), high-

energy emulsification (HEE) method or a mixture of both, is required to mix the separate phases 

and form nano-sized droplets, since nano-emulsions are thermokinectically stable, but not 

thermodynamically stable (Abolmaali et al., 2011:140).  LEE methods include phase inversion 

composition (PIC), spontaneous emulsification and phase inversion temperature (PIT), which 

uses internal chemical energy of the system, only requiring simple stirring to form a nano-

emulsion with a small droplet size (Sole et al.,2012:133).  HEE methods include high-pressure 

homogenisers, ultrasonicators (Tadros et al., 2004:305) and microfluidisers (Bouchemal et al., 

2006:3187) using mechanical devices, which operate by producing disruptive forces to form nano-

emulsions. The mechanical device, together with processing attributes (temperature, operating 

cycles and formulation composition), will influence the formation of nano-sized droplets (Ganta et 

al., 2014:698) 

B.5.2 Formulation method of the eight pre-formulati on natural oil nano-emulsions 

The nano-emulsions were formulated by firstly mixing Tween® 80 and water (water phase) in a 

beaker.  In another beaker, Span® 60 and olive or safflower oil (oil phase) were mixed.  Both 

mixtures were heated using a magnetic stirrer hotplate (60 °C).  After the temperature of 60 °C 

had been reached and each phase was stable, after 15 min of mixing, the oil phase was added 

very slowly to the water phase, while continuing to mix at 60 °C.  Subsequently, it was placed in 

a beaker with ice and sonicated for 10 min at a power of 40 Watt (Borhade et al., 2012:150). 

B.6 Characterisation of pre-formulation nano-emulsi ons 

The following physical characterisation tests of the pre-formulated nano-emulsions were 

performed to determine the effectiveness of the formula: 

• pH, 

• viscosity, 

• droplet size, 

• zeta-potential, 

• drug EE%,  

• morphology. 



 

 
162 

 

B.6.1 pH 

A Mettler Toledo SevenMulti pH meter (InLab® 410 NTC electrode 9823) (Greifensee, 

Switzerland) was used to determine the pH of the eight prepared nano-emulsions, to establish 

whether they would irritate the skin after topical application. In order to measure the pH of each 

nano-emulsion, the probe of the pH meter was submerged into each sample (50 ml) and 

measurements taken.  Despite the fact the skin can withstand products with a pH range of 3 to 9, 

the acceptable limits for a formulation on the skin is between pH 5 to 9 (Naik et al., 2000:319) and 

when the pH transfers out of these ranges, it can influence the integrity and permeability of the 

skin (Barry,2002:512). The test was performed in triplicate and the accuracy of the pH meter was 

verified by calibrating it each time prior to use. 

Table B.10: Results of pH of pre-formulated nano-emulsions 

Nano-emulsions pH 

O1 5.01 ± 0.10 

S1 5.10 ± 0.05 

O2 5.15 ± 0.07 

S2 5.08 ± 0.02 

O3 5.30 ± 0.08 

S3 5.24 ± 0.04 

O4 5.19 ± 0.08 

S4 5.26 ± 0.07 
 

The pH of a compound determines the ionised or unionised species, indicating whether the 

compound is a suitable candidate to permeate through the skin. Although the ionised form has a 

higher aqueous solubility, it also possesses lower permeability than the unionised form.  CLF, 

ART and DQ are dissociated at 99.69%, 0.098% and 99.98%, respectively, at pH 5 where CLF 

and DQ can permeate through the skin (Admescope, 2012), nevertheless ART does indicate 

some difficulty.  As can be seen in Table B.10, all eight nano-emulsions were close to pH 5, for 

maximum dissociation, and within the acceptable range (pH 5 to 9) (Naik et al., 2000:319) and 

therefore, it can be proposed that the eight nano-emulsions would not pose any harm or irritation 

to the skin. 

B.6.2 Viscosity 

The viscosity of a formulation specifies the resistance (fluid versus flow) and ultimately, if a high 

level of resistance were present within a formulation, the flow would indicate a high level of 

viscosity (Quiῆones & Ghaly, 2008:62).  The viscosity of the nano-emulsions was measured using 

a Brookfield® Viscometer (Stoughton, United States of America (US)).  A water bath was 
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connected to the viscosity meter and maintained at 25 °C by means of a Brookfield® temperature 

controller.  Depending on the consistency of the nano-emulsions, the appropriate LV spindles and 

Helipath attachments were chosen to ensure appropriate torque. The Helipath stand (D20733) 

lowered and raised the spindle at a rate of 7/8 inch/min.  During this time, the  

T-bar spindle rotated at different rates in the dispersion.  Viscosity readings were taken every 

10 sec over a period of 5 min, giving 32 readings. 

Table B.11: Results of viscosity of pre-formulated nano-emulsions 

Nano-emulsions Viscosity (cP) 

O1 2.59 ± 0.50 

S1 2.91 ± 0.08 

O2 2.60 ± 0.08 

S2 2.62 ± 0.05 

O3 2.72 ± 0.08 

S3 2.73 ± 0.03 

O4 2.63 ± 0.07 

S4 2.56 ± 0.08 
 

All the viscosity readings of the eight nano-emulsions were very low (2.59 – 2.91 cP), and whilst 

the larger part of an o/w nano-emulsion is water, the viscosity is therefore very low (Chime et al., 

2014:97).  All eight nano-emulsions were measured at 200 rpm, at a temperature of ± 25°C.  

Water is known to possess a viscosity of 1 cP, consequently it can be presumed that the viscosity 

of the nano-emulsions measured close to the viscosity of water (V&P Scientific Inc., 2010); this 

could be because 95% of the nano-emulsion consists of water and because of the low amount of 

Tween® 80 and oil used (Djordjevic et al., 2004:13). 

B.6.3 Droplet size 

The droplet size was determined using a Zetasizer Nano ZS (Zen 3600) (Malvern® Instruments 

LTD, Worcestershire, United Kingdom (UK)) at a temperature of 25 °C (room temperature).  For 

the analysis, a helium - neon (He-Ne) laser (633 nm), at a scattering angle of 175 °, was used at 

room temperature.  During droplet size determination, a polydispersed index (PdI) value is also 

obtained, which distinguishes whether the nano-emulsions oil droplets were uniform throughout 

in the water phase (uniformity throughout the dispersion) (Shakeel et al., 2007), and is measured 

on a scale from 0 to 1 (Shaw, 2016).  Eight nano-emulsion samples were prepared the day prior 

to analysis.  Eight samples were injected into eight disposable cells (2 ml), respectively.  The 

study was performed in triplicate for each sample and analysed. 
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Table B.12: Results of droplet sizes of pre-formulated nano-emulsions 

Nano-emulsions Droplet size (nm) PdI 

O1 101.36 ± 2.05 0.230 ± 0.10 

S1 126.47 ± 1.75 0.267 ± 0.03 

O2 101.47 ± 1.56 0.208 ± 0.08 

S2 104.63 ± 1.42 0.219 ± 0.03 

O3 91.39 ± 1.30 0.199 ± 0.03 

S3 83.61 ± 1.72 0.175 ± 0.03 

O4 83.05 ± 0.90 0.210 ± 0.03 

S4 88.14 ± 1.52 0.193 ± 0.10 
 
Accumulation of the compound within the skin is preferred for topical delivery (Wiechers, 

2008:174).  Studies report there is a relationship between the permeability coefficient of a 

compound and the droplet size of the nano-emulsion, which states that when the size of the 

droplet changes, there is a change in total area of the dispersed phase (Wiechers, 2008:175).  

Droplet sizes of the eight nano-emulsions ranged from 83 to 130 nm, which falls within range of 

emulsions from 10 nm to 10 µm (Wiechers, 2008:173).  A PdI value of 1 indicates the dispersion 

is seen as polydispersed (hence the droplet sizes vary), whilst a PdI closer to 0 is seen as 

monodispersed (homogenous) (Gaumet et al., 2008:5).  The PdI value measured for all eight 

nano-emulsions was < 0.267, therefore it is proposed that the PdI is closer to 0 and thus 

reasonably monodispersed; nano-emulsions are characteristically seen as heterogeneous 

dispersions (created through oil and water) (Chime et al., 2014:77). 

B.6.4 Zeta-potential  

Zeta-potential is an indication of how stable a colloidal system is, as it indicates the repulsion 

degree to institute the formulations’ physical stability (Shah et al., 2014:66).  The zeta-potential 

was determined for each dispersion by means of the Zetasizer Nano ZS (Zen 3600) (Malvern® 

Instruments LTD, Worcestershire, United Kingdom (UK)) at a temperature of 25 °C (room 

temperature). Eight low concentration samples were prepared and injected into eight disposable 

cells, respectively. This study was performed in triplicate and the average was calculated. 
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Table B.13: Results of zeta-potential of pre-formulated nano-emulsions 

Nano-emulsions Zeta-potential(mV) 

O1 -33.30 ± 1.10 

S1 -30.00 ± 0.10 

O2 -36.60 ± 0.12 

S2 -37.90 ± 0.05 

O3 -35.40 ± 0.80 

S3 -34.40 ± 1.33 

O4 -32.00 ± 1.28 

S4 -30.10 ± 0.05 
 

Literature suggests that highly negatively charged zeta-potential is needed to permeate the skin 

successfully, as the skin is also negatively charged which could lead to an increase of API flux.  

It is also suggested that  zeta-potential values should range from below - 30 mV or above 30 mV, 

where the nano-emulsions can be viewed as stable (Duangjit et al., 2011:6; Eid et al., 2014:2; 

Silva et al., 2012:860).  As observed in Table B.13, results differ from - 30 mV to - 38 mV, which 

is in the acceptable range of above 30 mV or below - 30 mV, indicating that the nano-emulsions 

are stable and would possibly permeate the skin. 

B.6.5 Drug entrapment efficacy 

The Optima™ L-100 XP ultracentrifuge (Beckman Coulter, Brea, California, USA) was used to 

determine the drug entrapment efficiency (EE%). The EE% is used to determine the difference 

between the free drug and the total amount of drug in a sample.  The eight nano-emulsion 

samples (10 ml) were added to Eppendorf® tubes and centrifuged at 25 000 rpm for 30 min at 

room temperature (23 °C).  The supernatant fluid (free drug) was separated from the sediment 

material (nano-emulsions containing the entrapped API), thereafter the supernatant was diluted 

(x 10) with the ethanol absolute (99.7%) and transferred to HPLC vials to be analysed.  The 

trapped and free API were determined by means of HPLC. The drug EE% was determined using 

Equation B.1 (Xuan et al., 2006:583). 

Drug entrapment (%) = {(drugtotal − drugsupernatant) ÷ drugtotal} × 100 Equation B.1 

The results of the EE% are depicted in Table B.14 for all eight nano-emulsions. 
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Table B.14: Results of EE% of pre-formulated nano-emulsions 

Nano-emulsions Drug entrapment 
efficiency (%) 

O1 94.12 ± 1.20 

S1 91.35 ± 1.38 

O2 96.30 ± 1.01 

S2 98.95 ± 2.05 

O3 93.01 ± 1.45 

S3 91.90 ± 0.99 

O4: CLF 
 ART 
 DQ 

94.12 ± 2.40 
96.30 ± 1.34 
93.01 ± 1.57 

S4: CLF 
 ART 
 DQ 

94.42 ± 1.20 
98.50 ± 1.75 
98.02 ± 1.35 

 

As observed in Table B.14, all the nano-emulsions had a drug EE% of > 96%, indicating that the 

APIs have been entrapped in the oil phase and dispersed through the nano-emulsions.  Since the 

drug entrapment is very high, the nano-emulsions are proposed to be ideal candidates for topical 

delivery. 

B.6.6 Morphology 

Light microscopy was performed using a Nikon Eclipse E4000 microscope, fitted with a 

Nikon DSFi1 camera (Nikon, Japan Linkam THMS600) equipped with a T95 LinkPad temperature 

controller (Surrey, England) to determine whether formation of droplets took place.  A small 

amount of the nano-emulsions was placed on a 20 mm 16 microscope slide.  The sample was 

covered with a 16 mm cover slip and the microscopic viewing of the nano-emulsions was done 

using magnifications of 10, 20 or 40 x.  The following images have been taken by light microscopy 

to illustrate the droplet sizes of the natural oil nano-emulsions. 
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Figure B.10:  a) Light microscopy micrographs of the nano-emulsion containing safflower oil (S1, 

S2, S3 and S4). 

 

Figure B.11:  a) Light microscopy micrographs of the nano-emulsion containing olive oil (O1, O2, 

O3 and O4). 

S1 S2 

S3 S4 

O1 O2 

O3 O4 
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B.7 Conclusion 

Nano-emulsions containing natural oils were formulated into different combinations, i.e. (S1, S2, 

S3, S4, S5, O1, O2, O3, O4 and O5). 

In this study, the compatibility was investigated by means of DSC, TAM and HSM.  The DSC 

indicated that all the APIs were compatible, either separately or in combination.  Some 

incompatibility was seen during the TAM studies when surface-active agents, such as Span® 60 

or Tween® 80, were added, but no incompatibility was seen between the APIs when tested 

separately or in combination.  HSM studies indicated that while ART melted first, DQ and CLF 

dissolved within the ART resulting in a molten solubilised mass whereby no phase transitions, 

thermal events or crystallisation was seen, indicating the APIs were compatible with each other. 

Physicochemical properties were also tested, which included pH, zeta-potential, viscosity, droplet 

size and drug EE%.  All eight nano-emulsions indicated a pH of close to 5, which is still within the 

acceptable range for a skin formulation (pH 5 to 9) (Naik et al., 2000:319).  When the viscosity 

was measured of all eight nano-emulsions, it was evident that due to the small amount of oil and 

Tween® 80 and the high amount of water used, viscosity readings were very low. , Droplet size 

values were within the acceptable range of between 10 nm to 10 µm (Wiechers, 2008:173), which 

was measured at 83 to 130 nm.  PdI values of the nano-emulsions were measured at < 0.267, 

indicating a value closer to 0 (Gaumet et al., 2008:5), therefore the nano-emulsions were seen as 

monodispersed.  The eight nano-emulsions were stable with zeta-potential ranging from - 30 mV 

to - 38 mV,  the ideal range being above 30 mV or below - 30 mV, indicating that formulations 

were stable and skin permeation would be effective (Duangjit et al., 2011:6; Eid et al., 2014:2; 

Silva et al., 2012:860). The %EE was significantly high, ranging from 91 to 99%, which indicates 

the APIs were successfully encapsulated within the oil droplets within the nano-emulsions.  During 

the morphology, it was indicated that droplets formed within the nano-emulsions.  As stated 

before, TEM could not be used as the APIs could damage the equipment.  The pre-formulation 

of CLF, ART and DQ in the nano-emulsions containing natural oil provided additional information 

about the physical and chemical properties when formulated separately and in combination. 
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C.1 Introduction 

The transdermal route of administration has established extensive applications and gained 

significant industrial triumph in the rivalry with other dosage forms such as intramuscular, 

intravenous and oral routes (Tavano et al., 2013:281; Thong et al., 2007:272).  Topical formulation 

development ought to enhance drug absorption, to alleviate skin diseases by amplifying the skin 

hydration to surmount the low skin permeability and encourage the prolonged delivery period to 

the embattled skin sites (Foldvari, 2000:417-425; Lam & Gambardi, 2013:26). 

Transdermal drug delivery is a non-invasive approach (Delgado-Charro & Guy, 2014:64) to apply 

medication to the skin, thus avoiding the first-pass metabolism and shortcomings from oral 

dosage administration, i.e. enzymatic degradation and rapid clearance in the gastrointestinal tract 

(Khafagy et al., 2007; Lam & Gambardi, 2013:27;; Prausnitz et al., 2004; Thomas & Finnin, 2004), 

regimens which are inconvenient, have high prevalence of adverse effects caused by the first-

pass metabolism and low oral bioavailability (Cleary, 1993; Delgado-Charro & Guy, 2001; 

Prausnitz & Langer, 2008; Wiedersberg & Guy, 2014:150).  When drug delivery is targeted to skin 

sites, it can promote patient compliance and convenience for treatment (Khafagy et al., 2007; 

Lam & Gambardi, 2013:27; Prausnitz et al., 2004; Thomas & Finnin, 2004). Other advantages 

include prolonged period of administration, inexpensive and portable dosage forms (Drakiluc et 

al., 2008:40; William & Barry, 2004), reduced frequency of dosing (since the API’s duration of 

action is extended) and lower variability (Cleary, 1993; Prausnitz & Langer, 2008; Wiedersberg & 

Guy, 2014:150).  Transdermal skin-targeted drug delivery still presents limitations even though 

the skin is relatively large and a readily accessible surface area for drug adsorption (Lam & 

Gambardi, 2013:27; Prow et al., 2011).  For a drug to be a feasible candidate for transdermal 

drug delivery, there are appropriate conditions, such as pharmacodynamics, pharmacokinetic and 

physicochemical properties (Delgado-Charro & Guy, 2014:64; Watkinson, 2013), and factors the 

APIs must adhere to for drug delivery across the skin to take place, namely a) log P should be 

between 1 and 3, b) molecular weight of <500 Da is required and c) the API should have both 

Appendix C: 

Franz cell diffusion studies of natural oil nano-emulsions containing 

clofazimine, artemisone and decoquinate 
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lipophilic (to permeate through the stratum corneum) and aqueous (to permeate through the 

epidermis to the other layers to the blood circulation) solubility qualities (Cleary, 1993; 

Wiedersberg & Guy, 2014:150;).  Typically, an API’s melting point should also be below 200 °C 

(Finnin & Morgan, 1999; Thomas & Finnin, 2004:699). 

Transdermal drug delivery’s effectiveness depends solely on the API to permeate through the 

skin adequately to reach therapeutic levels (Baek et al., 2013:358; Dos Anjos & Alonso, 2008).  

Problems arise when most of the APIs have low permeability to overcome the powerful barrier of 

the skin, which leads to limited drug uptake, dosage flexibility, slow penetration rates (Lam & 

Gambardi, 2013:27) and skin tolerability (Wiedersberg & Guy, 2014:151).  The APIs used in this 

study (CLF (10 mg/l), ART (89 mg/l) and DQ (0 mg/l)) have very poor to no aqueous soluble 

properties, which indicates skin penetration might be challenging. 

Penetration enhancers are used to overcome the skin’s barrier properties by facilitating drugs 

across the skin to disrupt the stratum corneum structure and in effect, promote drug diffusion 

(Foldvari, 2000:419).  Nano-emulsions, containing natural oils, were chosen as carriers for this 

study.  The natural oils that will be used during this study are olive and safflower oil, as they 

contain linoleic acid (C18 fatty acid) (Vermaak et al., 2011:920-933), which is also found naturally 

in the skin (Williams & Barry, 2012:132).  Another advantage of linoleic acid is that it is expected 

to be less harmful, or irritating to the skin, than other penetration enhancers (Dingler, 2002:11).  

The nano-emulsions to be investigated during this study are proposed to enhance drug 

penetration.  Nano-emulsions have several advantages over other nano-counterparts, such as 

niosomes, micro-emulsions, liposomes,  and nano-particles, including excellent solubilisation 

capacity of drugs, small droplet sizes with higher entrapment efficiencies offering ease of 

preparation, optical stability and clarity, all of which contribute to them being attractive candidates 

for drug vectorisation (Chime et al., 2014). Recently, nano-emulsions have been successfully 

implemented to improve the transport of hydrophobic compounds (Shakeel et al., 2012:953-973).  

The aim of this study was to investigate whether nano-emulsions containing natural oils, would 

improve the topical delivery of CLF, DQ and ART, separately and in combination. 

C.2 Methods 

C.2.1 Preparation of nano-emulsions 

During this study, eight nano-emulsions were prepared consisting of safflower or olive oil, and the 

APIs separate and in combination, i.e. S1, S2, S3, S4, O1, O2, O3, and O4 (see Appendix B).   

C.2.2 Preparation of the receptor phase 
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CLF, ART and DQ are poorly soluble to insoluble in water.  The solvent used with validation 

(absolute ethanol (99.7%)) could not be used during the skin diffusion studies since ethanol has 

the potential to influence the integrity of the human skin, which could lead to differentiating results 

(Williams, 2013:685).  For the receptor phase during the skin diffusion studies,  phosphate buffer 

solution (PBS: pH 7.4) was used and prepared by dissolving 13.65 g of potassium dihydrogen 

orthophosphate (KH2PO4) in 500 ml of Milli-Q® water and 3.025 g of sodium hydroxide (NaOH) in 

800 ml of Milli-Q® water in separate volumetric flasks each containing a magnetic stirrer.  Both 

solutions were placed on a magnetic stirrer and mixed continuously to ensure complete 

dissolution.  Thereafter the NaOH solution was slowly added to the KH2PO4 solution.  This mixture 

was stirred continuously with a magnetic stirrer and 700 ml of Milli-Q® water was added to make 

up to the volume of 2000 ml.  The solution pH was adjusted to 7.4 either using orthophosphoric 

acid or NaOH. 

C.2.3 HPLC analysis of clofazimine, artemisone and decoquinate 

The analytical HPLC method was developed by Prof Jan du Preez at the ATL of the NWU, 

Potchefstroom, for the combination analysis of CLF, ART and DQ.  The HPLC (Agilent 1200 

Series) was equipped with an Agilent 1200 pump and auto sampler injection mechanism, a diode 

array detector and ChemStation Rev. A.10.01 software for data analysis (Agilent Technologies, 

Palo, Alto, CA).  The UV-detector was set at a wavelength of 210 nm and 238 nm in order for 

CLF, ART and DQ to be detected.  The mobile phase consisted of acetonitrile (650 ml) and 0.05 M 

sodium octane sulfonate in HPLC water (600 ml), with a 20 µl as injection volume and flow rate 

of 1.0 ml/min.  The runtime was set at 15.0 min and the retention time was approximately 6.3 min 

for CLF, 7.3 min for ART and 9.8 min for DQ.  The solvent used for the HPLC method was 

absolute ethanol (99.7%).  These analytical tests were performed in a laboratory with a controlled 

environment of 25 °C.  Prior to the samples being tested, the mobile phase was filtered through 

a 0.45 µm PVDF (Agela Technologies, Newark, DE) and degassed. 

C.2.4 Standard sample preparation 

Prior to skin diffusion studies, a standard sample solution was prepared by dissolving 7 mg of 

CLF, 44 mg of ART and 12 mg of DQ in absolute ethanol (99.7%) and then injecting it in the HPLC 

in duplicate at different injection volumes (2.5, 5.0, 7.5, 10.0 and 20.0 µl) to obtain a regression 

curve. 
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C.2.5 Solubility and octanol-buffer distribution co efficient determination for clofazimine, 

artemisone and decoquinate 

C.2.5.1 Solubility 

All three compounds needed to be dissolved simultaneously, since CLF, ART and DQ were 

formulated separately and in combination in the different nano-emulsions.  Given that CLF and 

DQ are poorly soluble in water, it was decided to use a variety of solvents during the solubility 

study. The solvents used were water, acetonitrile, ethanol, isopropanol, tris (hydroxymethyl) 

aminomethane (TRIS), methanol, PBS, tetrahydrofuran (THF) and acetone.  The following 

method was used to determine the solubility of each API separately. 

A water bath was pre-heated to 32 °C (temperature on the skin surface during a diffusion study).  

The selected API together with a magnetic stirrer bar was added to a test tube; where after 5 ml 

solvent was transferred into the test tube.  An excess of the API was added to the test tube in 

order for the solution to achieve saturation.  Care was taken to check and ensure that saturation 

is maintained in the solution for the duration of mixing over a period of 24 h.  After 24 h the test 

tube was removed from the water bath and the solution filtered through a 0.45 µm membrane 

filter and diluted with ethanol (if needed to prevent precipitation) and thereafter transferred to an 

HPLC vial for subsequent HPLC analysis.  This experiment was repeated in triplicate for each 

API. 

C.2.5.2 Octanol-buffer distribution coefficient (lo g D) 

Equal volumes of n-octanol and PBS (pH 7.4) (100 ml) were equilibrated with each other for 24 h 

in order for the two phases to co-saturate.  The pre-saturated PBS phase (3 ml) was used as 

solvent for the API (CLF, ART and DQ, separately).  To each of these solutions an equal volume 

of pre-saturated n-octanol (3 ml) was added.  Solutions was placed in the shaker water bath for 

3 h at 32 °C and left overnight.  Thereafter the solutions were centrifuged to ensure complete 

precipitation. The concentrations of the APIs in the separated phases were determined by means 

of HPLC.  The log D was calculated as the ratio of API concentration in the n-octanol phase to 

the buffer phase (n=4).   

C.2.6 Diffusion experiments 

C.2.6.1 Membrane release studies 

Franz cell release studies are conducted to determine if the APIs are released from the nano-

emulsion.  The vertical Franz cell consisted of two components, namely the receptor (capacity of 

approximately 2 ml) and the donor (1 ml) phase, with a magnetic stirring rod placed into the 
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receptor compartment.  Vacuum grease was placed on both the receptor and donor phase to 

ensure no leaking occurred.  PVDF, a synthetic membrane filter (FP Vericel, 0.45 µm, 25 mm, 

Pall®) was placed on the lower half of the Franz cell.  The phases were placed together and 

secured with a horseshoe clamp.  The receptor phase was filled with PBS (pH 7.4) (Fig. C.1) and 

the donor compartment with the nano-emulsion (S1, S2, S3, S4, S5, O1, O2, O3, O4 and O5) 

with a pH of 5 (n = 9).  The magnetic stirring rod ensured continuous stirring, whilst diffusion took 

place.  The donor compartment was covered with Parafilm® to avoid any loss of the components.  

The water bath, in which the diffusion was performed, was maintained at a temperature of 37 °C.  

Every 6 h the receptor compartment was extracted with a syringe and refilled with PBS (pH 7.4) 

at 37 °C.  By means of HPLC, all the samples were analysed and the concentration of the API 

that penetrated through the membrane within the receiver fluid and the release rate were 

determined for all the nano-emulsions.   

C.2.6.2 Skin preparation 

Caucasian, full-thickness abdominal skin (ethical approval reference number: NWU-00114-11-

A5) was collected from plastic surgeons following abdominoplasty surgery.  The skin was kept in 

a freezer at -20 °C for no more than 24 h to ensure easy separation from the fatty layer.  Prior to 

diffusion studies, the skin was defrosted and placed on a paper towel (with the stratum corneum 

facing upwards), thereafter it was dermatomed using a dermatome™ (Zimmer TDS, United 

Kingdom) (Fig C.4).  By pressing the dermatome (30 - 45°angle) onto the skin with constant 

pressure, skin samples of approximately 400 µm thickness were cut.  Dermatomed skin was cut 

into circles (± 15 mm in diameter) and placed on Whatman® filter paper to dry, after which they 

were wrapped in aluminium foil and stored in the freezer at - 20°C.  Prior to diffusion studies, the 

frozen skin samples were thawed, visually examined for defects and mounted onto the diffusion 

apparatus. 

C.2.6.3 In vitro skin permeation studies 

Franz cell diffusion studies were conducted to determine whether the APIs were delivered 

transdermally (Wiechers et al., 2008:24).  Dermatomed skin was positioned on the outer half, i.e. 

on the receptor compartment of each of the nine Franz diffusion cells (diffusion area of 1.075 cm²), 

with the stratum corneum facing upwards to the donor compartment.  Seven of the nine Franz 

cells contained the nano-emulsion with API(s) and two contained the placebo (nano-emulsion 

without the API).  Due to light sensitivity of CLF, amber cells were used to avoid any degradation.  

The receptor compartment was filled with 2 ml PBS (pH 7.4) and a temperature of 37 °C was 

maintained. The nano-emulsions, containing the selected APIs, were added to each donor 

compartment (1 ml). The entire receptor volume was withdrawn after 12 h. Samples were 
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analysed by means of HPLC to determine the API concentration that permeated through the skin 

into the receiver fluid (Baert et al., 2011:472, 473). 

C.2.6.4 Tape-stripping 

The tape-stripping technique was used to determine the API concentration present in the stratum 

corneum-epidermis (SCE) and epidermis-dermis (ED), after completion of the 12 h diffusion 

studies.  The Franz cells were dismantled and the skin pinned to a solid surface covered with 

Parafilm®.  Any remaining nano-emulsion on the skin was carefully dabbed dry with paper towel 

(Walter & Brain, 2008:38).  3M Scotch® Crazy™ tape was cut into the same size as the diffusion 

area.  The first tape strip per skin sample was disposed of, due to possible contamination with the 

nano-emulsion still remaining on the skin.  Thereafter, the following 15 tape strips per skin sample 

were used to remove the SCE until the skin glistened.  All tape strips collected from each sample 

were transferred into a polytop filled with 5 ml of absolute ethanol (chosen based on API solubility) 

(n = 9).  After the tape-stripping procedure, the remaining ED was cut into smaller pieces and 

placed into another polytop, also containing 5 ml of absolute ethanol.  These solutions, containing 

the tape strips and skin cuttings were stored in a fridge overnight at 4 °C, in order for the API to 

dissolve in the extraction fluid (Pellet et al., 1997:94).  The API in the SCE and ED samples were 

filtered and analysed by means of HPLC. 

C.2.7 Data analysis  

Each individual Franz cell, together with its mean amount (concentration) of CLF, ART and DQ 

per area, respectively, which permeated the skin after 12 h was plotted for each nano-emulsion 

after tape-stripping.  A percentage of the applied amount was expressed by using the yield of 

each cell, where the percentage diffused was also determined after 12 h for diffusion studies. 

C.2.8 Statistical analysis 

The calculation of the median (middle score in distribution) and mean (with standard deviation 

(SD)) of the concentration values (diffusion studies) are procedures ascribed to descriptive 

analysis (Sheskin, 2000:1, 4).  The median values and box-plots were used to illustrate data by 

using first and third quartiles of distribution (Dawson and Trapp, 2004:38).  The middle of the data 

(50%) was represented by the height of the box-plots and the vertical straight lines (whiskers), 

which extended 1.5 times, ranged above the 25th, and below 75th percentiles were drawn with the 

bottom as first quartile and top as third quartile.  Circles are an illustration of values above or 

below the whiskers (outliers) (Dawson and Trapp, 2004:39). 

By using the analysis of variance (ANOVA), p-values were determined and a p-value of 0.05 or 

less indicated a statistical significant effect (Steyn et al., 1994:604-606).  The tape-stripping and 

mean concentration were compared by applying a three-way ANOVA, where the different 
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concentration of the APIs in nano-emulsions were compared within the combination nano-

emulsions (safflower combination and olive oil combination).  By means of Statistica (Statsoft, 

2008) and SAS (SAS Institute Inc., 2005), the above statistical analyses were performed.  The 

median is a more exact method to determine flux or concentration and is used when there is a 

significant variation between the mean and median values (Dawson and Trapp, 2004:30).  The 

median is used throughout the study to describe the data, although both mean and median values 

will be depicted. 

C.3 Results and discussion 

C.3.1 Formulation of natural oil nano-emulsions 

Eight natural oil nano-emulsions were prepared containing 1% CLF, ART and DQ as API, 

respectively, and consisted of four nano-emulsions containing safflower oil with the APIs CLF, 

ART and DQ, separately and in combination, and four nano-emulsions containing olive oil with 

the APIs CLF, ART and DQ, separately and in combination.   

C.3.2 Physicochemical properties 

C.3.2.1 Solubility 

Table C.1: Average solubility (mg/ml) results of CLF, ART and DQ in different solvents 

Solvent Clofazimine Artemisone Decoquinate 

Acetone 2.18 ± 0.02 105.92 ± 6.52 0.02 ± 0.00 

Acetonitrile 1.21 ± 0.06 201.96 ± 2.97 0.01 ± 0.00 

Ethanol 1.83 ± 0.02 44.60 ± 1.51 0.18 ± 0.00 

Isopropanol 1.02 ± 0.04 26.35 ± 0.75 0.16 ± 0.02 

Methanol 0.83 ± 0.01 46.54 ± 0.33 0.16 ± 0.00 

THF  143.41 ± 0.06 194.19 ± 0.05 0.24 ± 0.03 

TRIS (pH 7.4) 0.00 ± 0.00 0.10 ± 0.00 0.00 ± 0.00 

PBS (pH 7.4) 0.00 ± 0.00 0.09 ± 0.00 0.00 ± 0.01 

Water 0.00 ± 0.00 0.10 ± 0.00 0.00 ± 0.00 
The aqueous solubility in water of CLF, ART and DQ was determined as 0.000 mg/ml, 

0.100 mg/ml and 0.000 mg/ml, respectively at a temperature of 32 °C.  An aqueous solubility of 

more than 1 mg/ml is required for a molecule to ideally permeate through the skin (Naik et al., 

2000:319).  Taking the aforementioned into account, CLF and DQ are expected to permeate 

poorly through the skin or not at all, whereas ART would be expected to penetrate the skin. 

In Table C.1, it was evident that DQ was the least soluble in the different solvents and therefore 

the determining factor for simultaneous dissolution.  All the APIs had very poor solubility in water, 

TRIS (pH 7.4) and PBS (pH 7.4).  Consequently, it is proposed that the APIs would not permeate 
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the skin and therefore both lipophilic (to permeate the stratum corneum) and hydrophilic 

(epidermal and dermal layer which thereafter leads to blood capillaries) characteristics are 

important to permeate into and through the skin (Perrie et al., 2012:392). 

C.3.2.2 Log D 

The log D values were obtained from the literature.  The log D values of CLF, ART and DQ are 

7.60 (US Pharmacopeia online, 2015), 2.49 (Dunay et al., 2009:4451) and 7.80 (Chembase, 

2014), respectively.  The ideal log P value for skin permeation is considered to be between 1 and 

3 (Mbah et al., 2011:681), therefore only ART depicts a favourable value for possible transdermal 

drug delivery. 

C.3.3 Diffusion experiments 

C.3.3.1 Membrane release studies 

No results were obtained during the membrane release studies; no API (CLF, ART and DQ) 

permeated through the membrane into the receptor phase.  This could be due to CLF’s, ART’s 

and DQ’s low aqueous solubility, which means they cannot permeate into the receptor fluid (PBS 

pH 7.4), or because of CLF’s and DQ’s high log D value, which indicates it is very lipophilic and 

cannot permeate across the membrane  to the aqueous region (the receptor fluid). 

C.3.3.2 Transdermal studies 

Prior to diffusion studies, a pilot study was conducted to determine whether extraction should be 

every 2 h up to 12 h, as per the usual standard operating procedure.  After HPLC analysis of the 

pilot study results, no data was obtained from the receptor phases and it was decided to do a 

single extraction after 12 h.  After the 12 h diffusion studies, samples were analysed by means of 

HPLC.  No API could be detected in the receptor phase for the eight nano-emulsions, which could 

be explained by non-ideal physicochemical properties of the three APIs, or by the delivery system 

used.  Physicochemical properties, such as aqueous solubility (0.000 mg/l, 0.100 mg/ml and 

0.000 mg/l), for CLF, ART and DQ indicated that no aforementioned API would be favourable for 

transdermal delivery and the log D (7.60, 2.49 and 7.80) indicated only ART might be favourable 

for transdermal delivery. 

C.3.3.3 Tape-stripping results 

Mean and median concentrations of CLF, ART and DQ in the SCE and ED are shown in 

Table C.2.  The median concentrations of the SCE and ED are graphically represented in the 

box-plots in Figures C.5 to C.12 for the eight different nano-emulsions. 
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Table C.2: Mean and median values of nano-emulsions S1 – S4 and O1 – O4 

Nano-emulsions 
Mean 

concentration 
in SCE (µg/ml) 

Median 
concentration 
in SCE (µg/ml) 

Mean 
concentration 
in ED (µg/ml) 

Median 
concentration 
in ED (µg/ml) 

S1 2.44 ± 0.10 2.42 3.90 ± 0.13 3.91 

S2 19.92 ± 1.58 20.06 0.00 ± 0.00 0.00 

S3 15.00 ± 1.06 14.74 9.91 ± 1.49 9.66 

S4: CLF 4.04 ± 0.21 4.11 2.79 ± 0.29 2.81 

       ART 27.46 ± 1.70 27.76 0.00 ± 0.00 0.00 

     DQ 0.00 ± 0.00 0.00 8.56 ± 0.81 8.36 

O1 4.29 ± 0.21 4.30 4.63 ± 0.27 4.55 

O2 13.43 ± 1.10 13.36 0.00 ± 0.00 0.00 

O3 4.25 ± 0.32 4.22 6.20 ± 0.78 6.24 

O4: CLF 9.38 ± 0.36 9.43 1.80 ± 0.35 1.68 

        ART 19.86 ± 1.24 19.83 0.00 ± 0.00 0.00 

      DQ 0.00 ± 0.000 0.00 3.99 ± 0.348 3.99 
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Figure C.5: Box-plot indicating the concentration (µg/ml) of S1 (CLF), S2 (ART) and S3 (DQ) 

present in the SCE after tape-stripping (n=7).  Concentration values are indicated 

by the lines and squares, respectively. 

 

Figure C.6: Box-plot indicating the concentration (µg/ml) O1 (CLF), O2 (ART) and O3 (DQ) 

present in the SCE after tape-stripping (n=7).  Concentration values are indicated 

by the lines and squares, respectively. 
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Figure C.7: Box-plot indicating the concentration (µg/ml) S1 (CLF) and S3 (DQ) present in the 

ED after tape-stripping (n=7).  Concentration values are indicated by the lines and 

squares, respectively. 

 

Figure C.8: Box-plot indicating the concentration (µg/ml) O1 (CLF) and O3 (DQ) present in the 

ED after tape-stripping (n=7).  Concentration values are indicated by the lines and 

squares, respectively. 
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Figure C.9: Box-plot indicating the concentration (µg/ml) CLF, ART and DQ present in S4 in 

the SCE after tape-stripping (n=7).  Concentration values are indicated by the lines 

and squares, respectively. 

 

Figure C.10: Box-plot indicating the concentration (µg/ml) CLF, ART and DQ present in O4 in 

the SCE after tape-stripping (n=7).  Concentration values are indicated by the lines 

and squares, respectively. 
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Figure C.11: Box-plot indicating the concentration (µg/ml) CLF, ART and DQ present in S4 in 

the ED after tape-stripping (n=7).  Concentration values are indicated by the lines 

and squares, respectively. 

 

Figure C.12: Box-plot indicating the concentration (µg/ml) CLF, ART and DQ present in O4 in 

the ED after tape-stripping (n=7).  Concentration values are indicated by the lines 

and squares, respectively. 
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C.3.3.3.1 Stratum corneum-epidermis concentration  

When the median concentrations of S1, S2 and S3 are compared, it is observed that S2 yielded 

the highest (20.06 µg/ml) median concentration, followed by S3 (14.74 µg/ml) and lastly, S1 

(2.42 µg/ml).  While comparing O1, O2 and O3, O2 (13.36 µg/ml) depicted the highest median 

concentration, followed by O1 (4.30 µg/ml) and lastly, O3 (4.22 µg/ml); it should be mentioned 

that the median concentration of O1 and O3 did not differ greatly.  With S4 it was seen that ART, 

when compared to CLF and DQ, had the highest median concentration (27.76 µg/ml), followed 

by CLF (4.11 µg/ml).  When O4 was investigated, it was observed that ART (19.83 µg/ml) had 

the highest median concentration followed by CLF (9.43 µg/ml).  Neither S4 nor O4 delivered DQ 

(0.00 µg/ml) in the SCE. 

In Table D.1, it is noticeable that all the nano-emulsions containing the APIs separately (S1, S2, 

S3, O1, O2 and O3) accumulated in the SCE, but the nano-emulsions that contained the safflower 

oil (S1, S2 and S3) improved the permeation of the APIs more than those containing the olive oil 

(O1, O2 and O3), except for CLF (O1 was higher than S1).  When comparing the nano-emulsions 

containing the APIs separately (S1, S2, S3, O1, O2 and O3), with regard to the API, it is evident 

that ART permeated the SCE more than CLF and DQ.  When S4 and O4 are compared, the same 

phenomenon as with the nano-emulsions containing the APIs separately (S1, S2, S3, O1, O2 and 

O3) are noticed, where ART permeated the SCE more than CLF and DQ (although DQ did not 

accumulate in the SCE for both S4 and O4).  With S4 and O4, it is not possible to conclude which 

oil improved delivery, since S4 delivered ART more than O4, while O4 delivered CLF more than 

S4; the same trend was noticed with the nano-emulsions containing the APIs separately (S1, S2, 

S3, O1, O2 and O3), where the olive oil increased the delivery of CLF more than the safflower 

oil).  In general, when the oils were compared, it was observed that safflower oil increased the 

delivery of ART and DQ, while olive oil increased the delivery of CLF. 

C.3.3.3.2 Epidermis-dermis concentration 

When the median concentrations of S1, S2 and S3 are compared, it is seen that S3 yielded the 

highest (9.658 µg/ml) median concentration, followed by S1 (3.914 µg/ml).  On comparing O1, 

O2 and O3, it is observed that O3 (6.243 µg/ml) depicted the highest median concentration, 

followed by O1 (2.812 µg/ml).  Neither S2 nor O2 delivered ART (0.000 µg/ml) in the ED.  When 

S4 was examined, it was noticed that DQ, when compared to CLF and ART, had the highest 

median concentration (8.360 µg/ml), followed by CLF (2.812 µg/ml).  While investigating O4, it 

was noticeable that DQ (3.986 µg/ml) had the highest median concentration followed by CLF 

(1.679 µg/ml).  Neither S4 nor O4 delivered ART (0.000 µg/ml) in the ED. 
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In Table C.1, it is evident that the nano-emulsions containing the APIs separately (S1, S3, O1, 

and O3) accumulated in the ED (except for S2 and O2).  With the nano-emulsions containing the 

APIs separately (S1, S3, O1, and O3), it is not possible to conclude which oil improved the 

delivery; since S3 improved the permeation of the DQ more than O3, while O1 improved the 

permeation of the CLF more than S1.  When comparing the nano-emulsions containing the APIs 

separately (S1, S2, S3, O1, O2 and O3), with regard to the API, it was evident that DQ permeated 

the ED more than CLF and ART.  This could possible by ascribed to DQ using other penetration 

routes other than direct skin permeation, i.e. the annexial route (Williams, 2003:10).  The annexial 

route (sebaceous glands) is located within the hair follicles and secrete sebum, which is a mixture 

of waxes, triglycerides, fatty acids, cholesterol and cellular debris and consequently, highly 

lipophilic drugs cross this route due to the lipophilic nature (Montage, 1965:56; Williams, 2003:10).  

When S4 and O4 are compared, the same trend as with the nano-emulsions containing the APIs 

separately (S1, S2, S3, O1, O2 and O3) was noticed, where DQ permeated the ED more than 

CLF (ART did not accumulate in the ED for any of the nano-emulsions).  With S4 and O4, it is 

observed that safflower oil improved the permeation of the APIs more than the olive oil for both 

DQ and CLF.  The nano-emulsions containing the safflower oil (S3 and S4) permeated better 

than the nano-emulsions containing the olive oil (O3 and O4).  This might be explained by the 

amount of linoleic acid present in safflower (75.0%) and olive oil (1.5%).  Since the stratum 

corneum also comprises linoleic acid, the increased presence of linoleic acid found in the 

safflower oil compared to that in olive oil, may cause the safflower oil to increase the delivery of 

the APIs into the stratum corneum (Applewhite, 1966; Olive oil Source, 2017; Vermaak et al., 

2011:920-933).  Therefore, since more API is delivered through the first layer of the skin (SCE), 

more API is available to permeate from the SCE to the ED (Cross & Roberts, 1993:607). 

C.3.4 Statistical analysis 

Table C.3 consists of the different nano-emulsion combinations used as well as their p-values. 
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Table C.3:  P-values obtained from the three-way ANOVA of all the nano-emulsions 

Combinations p-value 

SCE and ED 0.0000 

Oils: safflower and olive 0.0531 

Interaction: Oils and SCE 0.0035 

Interaction: APIs (CLF, ART and DQ) and SCE 0.0000 

Interaction: Oils and ED 0.0001 

Interaction: APIs (CLF, ART and DQ) and ED 0.0000 

Interaction: ART and SCE 0.0000 

Interaction: CLF and SCE 0.0000 

Interaction: DQ and SCE 0.0000 

Interaction: CLF and ED 0.0000 

Interaction: DQ and ED 0.0000 

Interaction: O4 and SCE 0.0000 

Interaction: Olive oil and SCE 0.0000 

Interaction: S4 and SCE 0.0000 

Interaction: Safflower and SCE  0.0000 

Interaction: O4 and ED 0.0000 

Interaction: Olive oil and ED 0.0001 

Interaction: S4 and ED 0.0000 

Interaction: Safflower oil and ED 0.0000 

 

There is no statistical significance between the two natural oils (safflower and olive oil) 

(p = 0.0531), whereas for all the other combinations everything was statistically significant 

(p < 0.05). 

C.4 Conclusion 

The aqueous solubility of CLF, ART and DQ (0.000 mg/ml, 0.100 mg/ml and 0.000 mg/ml) 

indicated that CLF and DQ would either permeate very poorly through the skin or not at all.  It is 

evident from the log D values for CLF (7.60), ART (2.49) and DQ (7.80) that only ART had 

favourable properties to permeate the skin, whereas CLF and DQ would not be ideal (Naik et al., 

2000:319). 

After the membrane release studies were conducted, it was evident that no API (CLF, ART or 

DQ) permeated through the membrane into the receptor phase.  Following the membrane studies, 

diffusion studies were executed.  No API was found within the receptor phase during the diffusion 

studies.   
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During the pre-formulation studies, it was observed that ART had a higher affinity for both the 

safflower and olive oil when compared to CLF and DQ, even though ART is classified as polar 

(Haynes et al., 2006:2084).  During tape-stripping studies, it was observed that the concentration 

of ART was higher in the SCE than for CLF and DQ.  This could possibly be attributed to the high 

affinity that ART had for the oil, together with the high affinity the lipophilic oil has with the lipophilic 

stratum corneum, which may in turn have led to a higher entrapment of ART in the SCE.  

Consequently, even though ART is more polar in nature, its affinity for the oil phase was higher 

than its affinity for the hydrophilic ED and therefore ART remained within the SCE rather than 

permeating to the ED. 

When S4 and O4 were investigated, it was noticeable that DQ only appeared in the ED and not 

in the SCE, which could be attributed to the “saturation effect” in the stratum corneum, as 

described by Teichmann et al. (2005:80).  Teichmann et al. (2005:80) concluded that the stratum 

corneum can be saturated and even with prolonged application, no increase in concentration will 

be observed.  Therefore, since three APIs were entrapped within the nano-emulsions, saturation 

with ART and CLF may have occurred in the SCE before DQ could reach the stratum corneum 

and therefore DQ may have followed another route of penetration, such as the annexial route 

(permeating directly to the dermis) (Teichmann et al., 2005:80).  Since the ART has more ideal 

physicochemical properties compared to CLF and DQ, it could suggest that ART permeated the 

SCE first followed by CLF, hence, no DQ was found in the SCE, while ART and CLF followed the 

intracellular route (permeating into the stratum corneum) (N`Da, 2010:20784). Since the 

concentration gradient plays a very important role, CLF that was entrapped within the SCE 

diffused to the ED.  Therefore, as CLF permeates from the SCE to the ED, the nano-emulsion 

still applied on top of the skin supplies the subsequent layers with CLF, hence CLF was found in 

both SCE and ED. 

The following conclusions can be made about the study: 

• When the three APIs are compared, with regard to delivery, in the SCE and the ED, ART 

and DQ had the highest concentration in the SCE and ED, respectively. 

• ART might have accumulated within the SCE, since it had a higher affinity for the oil phase 

than CLF and DQ. 

• DQ may have penetrated through other routes to the ED. 

• When nano-emulsions containing the APIs separately are examined, it is possible to 

deliver CLF, ART and DQ into the SCE and CLF and DQ into the ED.  ART cannot be 

delivered in the ED from the nano-emulsions containing the APIs separately. 
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• When nano-emulsions containing the APIs in combination (all three APIs together in one 

dispersion) are investigated, it is not possible to deliver all three APIs in the SCE or in the 

ED.  When APIs are combined in a nano-emulsion, DQ cannot be delivered in the SCE, 

while ART cannot be delivered in the ED. 

• Both the S4 and O4 performed well regarding the penetration of the SCE (top layer), i.e. 

ART in S4 permeated better than ART in O4, while CLF in O4 permeated better than CLF 

in S4. 

• When S4 and O4 are compared, with regard to the penetration of the ED, both CLF and 

DQ permeated the ED better from S4 than from O4. 

• In general, the nano-emulsions containing the safflower oil increased the delivery of the 

APIs more than the nano-emulsions containing the olive oil.  The improved permeation 

from the nano-emulsions containing safflower oil, could be ascribed to the increased 

amount of linoleic acid (75.0%) found in the safflower oil (Applewhite, 1966) compared to 

the amount of linoleic acid (1.5%) obtained in olive oil (Olive oil Source, 2017), since the 

skin (stratum corneum) also comprises of linoleic acid (Vermaak et al., 2011:920-933). 
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D.1 Introduction 

Various approaches have been advanced to study cell proliferation and viability in cell cultures 

(Cook & Mitchell, 1989).  Investigating the cytotoxicity profile, using in vitro skin models to 

determine whether the API entrapped within a formulation indicates any cytotoxic effect to human 

skin, for instance skin damage or irritation, is an important step in pre-clinical development of 

pioneering drug delivery systems (Fotakis & Timbrell, 2006:171). 

The outer most layer of the skin (which serves as a gatekeeper for the human body and protects 

the human body from adverse effects of the environment) is comprised of keratinocytes.  In order 

to counter risk and take safety measures, all chemicals which humans may be exposed to need 

to be tested.  Henceforth, measuring the cell viability of cell-based in vitro models, after a certain 

exposure time, will provide concrete evaluation of a substance’s toxic potential (accelerate GmbH, 

2015) of which the proliferation, growth and viability of the cell is measured (ATCC, 2011:1).  

Consequently, using in vitro human epidermal cells in research investigations could clarify 

molecular and cellular processes in the keratinocytes affected (Udensi et al., 2011:183).  It is of 

utmost importance to understand that cytotoxic studies only reflect what transpires in vivo within 

a system (Fotakis & Timbrell, 2006:171) and no direct correlation can be found between in vitro 

cytotoxicity results and potential in vivo results (Yoon et al., 2012:634).  This could be explained 

by variances in conditions between in vitro and in vivo; when the in vitro method is used, only 

cellular level effects are reflected not pharmacodynamics, which is the most important process, 

such as distribution, excretion metabolism and absorption (Yoon et al., 2012:634).  Consequently, 

cytotoxic effects only indicate possible toxic effects of either the API, the nano-emulsion, or API 

combined with the nano-emulsion on chosen cell lines. 

The lactate dehydrogenase (LDH)-assay was employed during this study because it is a quick, 

reliable and simple test (Decker & Lohmann-Matthes, 1988:62-64; Fotakis & Timbrell, 2006:171).  

The LDH activity in the extracellular medium is the basis of the LDH-assay, and this can be 

measured by the cytoplasmic enzyme activity, which is released by cells that are damaged.  

Appendix D: 

Cytotoxicity studies of natural oil nano-emulsions containing clofazimine, 

artemisone and decoquinate 
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Potential candidates for anti-TB drugs have a number of obstacles to overcome.  Difficulties such 

as low levels of stability or retention in cells after uptake, low solubility and degradation before 

reaching target tissue sites arise when these drugs are used.  Due to poor absorption properties 

or low penetration into cells, there may be some difficulty in achieving optimal concentrations of 

a drug at the site of infection.  A prospective drug may be too harmful, leading to a maximum 

allowed dose well below what is needed for effective eradication of the infection (Adams et al., 

1999:1683).  Eight nano-emulsions were prepared and investigated during this study as a 

possible novel topical CTB treatment.  Each nano-emulsion contained 1% (w/v) API to determine 

if any toxic effect was present (Riss et al., 2011:103).  The common assays used included 

methylthiazol tetrazolium (MTT; 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)-

assay, LDH-assay and the neutral red.  Neutral red is used to detect whether any cytotoxicity is 

visible after exposure to toxic substances (Fotakis & Timbrell, 2006:171). 

In this study, it was determined whether the nano-emulsions, i.e. S1 – S5 and O1 – O5, indicated 

cytotoxicity against: 

• HaCaT cells during the LDH study, and 

• M. tuberculosis H37Rv. 

D.2 In vitro cell culture toxicity studies 

HaCaT and dermal fibroblast cells, cultured in Dulbecco's modified eagle medium (DMEM)/high 

glucose medium (4 500 mg/l of glucose and 1 mM of sodium pyruvate) were used in this study.  

This medium was supplemented with 10% foetal bovine serum (FBS), 1% penicillin/streptomycin 

(Pen/Strep), 4 mM L-glutamine and 1% MEM non-essential amino acids (MEM NEAA).  The cells 

were cultured at 37 °C in a humidified atmosphere (95% air and 5% CO2) and could be re-

distributed to fresh culturing flasks, using trypsinisation.  Before any testing could commence, the 

cells were seeded on appropriate plates (96-well plates) and allowed to grow for 1 – 2 days.  This 

time span allowed the cells to reach the desired confluence of ± 80%, before treatment.  Trypsin 

with Versene® was used to harvest all cells used in this study.  The cells were detached from the 

culturing flasks by removing the growth medium and washing them with phosphate buffered saline 

to remove any traces of serum and growth medium.  To detach the cells from the flask surface, 

3 ml of trypsin solution (10%) was added to the 75 cm2 culturing flask, followed by incubation at 

37 °C for 5 min. Cell detachment was confirmed using microscopic visualisation (10 X 

magnification).  Growth medium was added to the flask to inactivate the trypsin enzymatic action, 

followed by the re-distribution of the required amount of cells to the desired culturing vessel. 

D.2.1 Appropriate cell line selection 
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Different cell types are used depending on the way of contact.  A well-accepted model, widely 

used for various applications including toxicity testing, is the HaCaT cell line. HaCaT is a 

spontaneous immortalised cell line of human keratinocytes (Ölschläger et al., 2009:147; Udensi 

et al., 2011:183), which makes them appropriate in vitro models for assessing the toxicity of an 

API (Lopez-Garcia et al., 2010:2846). Generally in skin pathophysiology and homeostasis 

studies, HaCaT cells have been used (Seo et al., 2012:171) for cell cytotoxicity studies, because 

these cells are diligently comparable to normal skin cells, due to their human skin derivation 

(Sorrell & Caplan, 2004:667). 

D.2.2 Cell line treatment 

The HaCaT cells were each treated for 12 h at 37 °C (5% CO2, 95% humidity) with the placebos 

(containing no CLF, ART or DQ), i.e. (S5) and (O5), the nano-emulsions containing the APIs 

separately (S1, S2, S3, O1, O2 and O3) and in combination (S4 and O4). 

D.2.3 Experimental procedures 

The cytotoxicity studies were conducted in the Mammalian Cell Culture Laboratory, which is 

situated in the Laboratory for Applied Molecular Biology (LAMB) of the NWU, Potchefstroom 

Campus. All experiments were carried out under aseptic conditions.  Prior and during the cytotoxic 

studies, Me A Brümmer conducted all procedures, including cell cultivation, feeding, seeding and 

the treatment of cell lines. 

D.2.3.1 Materials 

Table E.1 depicts the materials used in the cytotoxicity.  To prevent contamination of the cell 

cultures and ensure sterility, the materials were handled in the laminar airflow cabinet. 
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Table D.1:  Materials used during the in vitro cytotoxicity study 

Product Supplier Batch number  

CytoTox 96® Non-Radioactive Cytotoxicity Assay Promega™ - 

96-Well plate TPP® 20150301 

75 cm2 Cell culture flask Corning® 24315044 

Trypan Blue solution (0.4%) Sigma-Aldrich™ RNBC9030 

FBS HyClone® RZM35923 

Phosphate buffered saline (1x) HyClone® AAD201744 

L-Glutamine HyClone® - 

DMEM with high glucose, 4.0 mM L-glutamine, 
sodium pyruvate HyClone® AB216032 

MEM NEAA (100%) HyClone® AAB199680 

Pen/Strep Lonza™ 5MB068 

Trypsin-Versene® (EDTA) Lonza™ 5MB168 

 

D.3 Cytotoxicity testing 

D.3.1 LDH-assay 

LDH is a continuous cytoplasmic enzyme present in all cells however, upon damage of the plasma 

membrane, LDH is rapidly released into the cell culture supernatant (Korzeniewski & Callewaert, 

1983).  An enzymatic test determines the LDH activity, the first step of which includes the 

reduction of nicotinamide adenine dinucleotide (NAD) to nicotinamide adenine dinucleotide 

(NADH).  This is done by the LDH catalysed conversion turning lactate into pyruvate.  The second 

step includes the transfer of H/H+ from NADH/H+ to the tetrazolium salt 2-(4-iodophenyl)-3-(4-

nitrophenyl)-5-phenyltetrazolium chloride (INT), by the catalyst diaphorase, which in turn is 

reduced to a red formazan (Chan et al., 2013:66; Decker & Lohmann-Matthes, 1988:62-64; 

Lappalainen et al., 1994; Nachlas et al., 1960; Weyermann et al., 2005:369,370). 

The LDH-assay is based upon the principle of measuring activity within the extracellular medium.  

LDH is usually chosen because the evaluation is reliable, quick and very basic (Decker & 

Lohmann-Matthes, 1988:62-64).  The loss of intra-cellular LDH, which is an indicator of 

irreversible cell death caused by cell membrane damage and the subsequent release of LDH into 

the culture media (Fotakis & Timbrell, 2006:172; Perche et al., 2012:99), is used in the testing of 

the integrity of the plasma membrane when exposed to nano-emulsion treatment. 

Prior to the commencement of the LDH-assay, cultured fibroblast and HaCaT cells were seeded 

per well in a 96-well plate.  The cells were treated with APIs, natural oils and nano-emulsions with 

and without the APIs.  A series of API concentrations were used for the treatment of these cells, 
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by diluting the appropriate amount of each nano-emulsion containing the API with growth medium 

and adding these solutions to the cells.  The cells were then incubated at 37 °C and 5% CO2 for 

a pre-determined period.  After the treatment period, the cells were washed with phosphate 

buffered saline to remove excessive growth medium and serum. 

After exposure of the fibroblast and HaCaT cells to the APIs, the cell culture media was aspirated 

and centrifuged at 3 000 rpm for 5 min to obtain cell free supernatants per test sample.  The 

activity of LDH in the media was determined using an LDH kit (LDL50) (Sigma diagnostics, South 

Africa).  The assay determines the conversion of lactate into pyruvate (in the presence of LDH) 

and the parallel reduction of NAD+ (oxidised nicotinamide adenine dinucleotide).  The extent to 

which NADH (reduced) reduces the above reaction is determined by measuring the absorbance 

at 340 nm.  Aliquots of the removed cell culture media are mixed with warm reagent in a 96-well 

plate and the absorbance recorded using a microplate spectrophotometer system.  Results can 

be analysed using the Soft max pro software and presented as a percentage of control values. 

D.3.2 In vitro cell culture studies on tuberculous cells  

As part of the Flagship Programme, nano-emulsions used for efficacy studies were sent to 

University of Cape Town (UCT), South Africa, for evaluation.  Inoculated bacterial cells were used 

for the efficacy studies.  Currently, no method has been developed for testing on M. tuberculosis, 

but an existing method was adapted for use on surrogate organisms. 

D.3.2.1 Determination of the 90% minimum inhibitory  concentration (MIC 90) 

To assess the MIC90 (minimum concentration of API, which is required to inhibit more than 90% 

of bacterial population growth) the broth microdilution method (Collins et al., 1997) was used.  

The nano-emulsions were tested in one 96-well microtiter plate.  A culture of mutant M. tb (M.tb 

H37RvMA::gfp) strain, expressing recombinant green fluorescent protein (GFP) off a plasmid 

integrated at the phage attachment site (attB) locus, was grown to OD600 (optical density reading 

taken at 600 nm) between 0.6 and 0.7 and diluted (1:100) in glycerol–alanine–salts containing 

iron and Tween® 80 (GAST/Fe) medium.  In row 1, 640 µm of the nano-emulsions that were 

tested were added in duplicate and a total volume of 50 µl of GAST/Fe medium were added to 

rows 2 – 12 of the plate.  Other wells contained GAST/Fe medium, 5% dimethyl sulfoxide 

(DMSO), kanamycin and rifampicin as control, in addition to the test nano-emulsions in row 1.  

Two-fold serial dilution was followed by transferring 50 µl of the nano-emulsion containing solution 

from each preceding row to the following row, ensuring all the wells contained 50 µl (not for control 

wells).  Thereafter plates were incubated for 14 days at 37 °C (humid conditions).  Using a 

Fluostar Optima microplate reader (BMG Labtech), MIC90 values were scored using quantitative 

fluorescence at 7-days and 14-days post inoculation.  Digital images were captured and stored.  
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According to the procedure described by Van der Ven et al. (2015), the efficacy of the compounds 

were determined during growth in different carbon sources. 

D.3.2.2 Intracellular efficacy of compounds against  Mycobacterium tuberculosis H37Rv 

The J774 macrophage cell line grown in DMEM was plated on a 96-well plate (100 µl/well) and 

thereafter incubated overnight in a CO2 incubator at 37 °C.  The plate was transferred to Biosafety 

Level 3 for infection with the H37RvMA::gfp (OD600 0.4 – 0.6) and this culture was grown in 

7H9/OADC and DMEM ensuring 105 cells per ml.  J447 cells were washed with phosphate 

buffered saline-Tween® 80 then infected with the H37RvMA::gfp (100 µl) in DMEM, thereafter 

H37RvMA::gfp in 7H9/OADC was added in appropriate wells and incubated for 4 – 6 h.  Ten-fold 

serial dilutions of plated cells were plated on the agar plates, which contained 7H10/OADC 

supplemented with hygromycin B resistance gene (Hyg50), and incubated at 37 °C.  The medium 

was replenished with compound containing medium following successful bacterial-uptake by 

macrophages.  Using the Fluostar Optima microplate reader (BMG Labtech), the GFP signal was 

read and images of representative wells were captured by using the fluorescent cell imager (ZOE 

Fluorescence Imager, BioRad).  The GFP was read daily and the medium was replenished every 

second day.  Following GFP captured fluorescence image analysis, the cells were lysed for 

enumeration of viable colony-forming units (CFU) and compared with the GFP readouts on day 6.  

The combination of the APIs were done to determine whether the combination of the APIs in the 

nano-emulsions would have a synergistic effect on their efficacy or whether the combination 

would cause cell death. 

D.4 Results and discussion 

D.4.1 LDH testing results on HaCaT cells 

The cell death of HaCaT cells was determined from the eight nano-emulsions (S1 – S4 and 

O1 – O4), together with their placebos (S5 and O5), by means of LDH release assay, whereas 

the cytoplasmic enzyme, which is present in most cells, was released into the extracellular 

medium upon cell damage.  The results of the cytotoxicity values for the nano-emulsions 

containing safflower oil and those containing olive oil are depicted in Tables D.2 and D.3, 

respectively.  Cell viability reference values can be described as 1) 40% is measured as  

non-cytotoxic, 2) a weak cytotoxicity is measured between 40 and 60%, 3) moderate cytotoxicity 

is measured between 60 and 80% and 4) strong cytotoxicity is measured between 80 and 100% 

(López-García et al., 2014:45).  Tables D.2 and D.3 depict the values obtained during the LDH-

assay. 
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Table D.2: LDH results from the nano-emulsions containing safflower oil 

 %Cytotoxicity p-value 

Control 0.000 0.000 

Lysis 100.000  

S1 11.857 0.010 

S2 20.165 0.000 

S3 11.699 0.016 

S4 53.076 0.000 

S5 (Safflower oil placebo) 20.047 0.000 

 

Table D.3:  LDH results from the nano-emulsions containing olive oil 

 %Cytotoxicity p-value 

Control 0.000 0.000 

Lysis 100.000 - 

O1 34.072 0.000 

O2 28.309 0.000 

O3 15.378 0.001 

O4 38.580 0.000 

O5 (Olive oil placebo) 15.834 0.004 

 

From p-values of all the nano-emulsions, it is there is a statistical significance for all the nano-

emulsions (p < 0.05).  Lysis had a cytotoxic effect of 100% (complete cell death/cytotoxicity), 

whereas the control had a cytotoxic effect of 0% (no effect on cells).  All the nano-emulsions were 

statistically analysed and compared with the control.  Both the nano-emulsions containing 

safflower oil (S1 – S5) and olive oil (O1 - O5) depicted non-cytotoxic levels regarding the HaCaT 

cells since all the %cytotoxicity levels were lower than 40%. 

D.4.2 In vitro cell culture studies on tuberculous cells 

Tables D.4 and D.5 tabularise the volumes of nano-emulsions used in 5 ml culture of M.tb H37Rv 

and the %inhibition results of each nano-emulsion (S1 – S5 and O1 – O5) used on M.tb H37Rv, 

respectively. 
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Table D.4:  Volumes of nano-emulsions used in 5 ml culture (M.tb H37Rv) 

Nano-emulsion v/v (µl) Total in 5 ml bacterial culture 
(µl)   CLF ART DQ 

S1 2.5   2.5 

S2  2.5  2.5 

S3   2.5 2.5 

S4 2.5 2.5 

O1 2.5   2.5 

O2  2.5  2.5 

O3   2.5 2.5 

O4 2.5 2.5 

S5 2.5 2.5 

O5 2.5 2.5 

 

Table D.5:  Percentage inhibition of the nano-emulsions relative to control culture against M.tb 

H37Rv 

 CFU/ml STDEV 
%Inhibition 

(relative to control) 

S1 6.67E+07 1.6 60 

S2 6.17E+07 1.5 63 

S3 8.00E+07 2.9 52 

S4 6.67E+07 1.6 60 

O1 7.17E+07 1.9 57 

O2 7.50E+07 3.7 55 

O3 7.67E+07 1.6 54 

O4 7.83E+07 0.8 53 

S5 1.43E+08 1.6 14 

O5 1.30E+08 1.4 22 

INH (isoniazid)(1 µg/ml) 3.17E+07 1.7 81 

CLF 9.33E+07 2.0 44 

ART 1.17E+08 3.4 30 

DQ 1.18E+08 2.5 29 

Control 1.67E+08 2.4 - 

 

Bacterial cell cultures (M.tb H37Rv) were used to test the efficacy of the nano-emulsions to 

indicate to what extent the nano-emulsions would inhibit the M.tb strains.  As observed in 

Table D.4, 2.5 µl of each nano-emulsion was used on these bacterial cells separately.  As 

indicated by Table D.5, the nano-emulsions depicted very good results with regards to 

%inhibition.  Isoniazid (INH), which is known to cause cell death to Mycobacterium strains, was 
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used as a positive control.  Compared to the positive control, the eight nano-emulsions (S1 – S4 

and O1 – O4) showed the %inhibition was exceptionally good, ranging from values 52 – 63% 

inhibition.  Comparing the %inhibition results of the nano-emulsions containing the safflower oil 

with those of the nano-emulsions containing the olive oil, it is clear the former had higher 

%inhibition values than the latter.  The focus of this part of the study was to determine, whether 

the nano-emulsions with all the APIs combined in one (S4 and O4) would give better results 

regarding the %inhibition against M.tb H37Rv than those containing the individual APIs (S1, S2, 

S3, O1, O2 and O3).  S4 (60%) yielded a higher %inhibition than O4 (53%).  It is also evident that 

the placebos (S5 and O5) depicted a little %inhibition, which could possibly be due to the fact 

natural oils were used during the formulation of the nano-emulsions.  These combinations indicate 

the nano-emulsions with the APIs could possibly be used in the future for the topical treatment of 

CTB. 

D.5 Conclusion 

The cytotoxicity assay of the natural oil nano-emulsions containing CLF, ART and DQ were 

carried out with HaCaT.  The LDH-assay used indicated the degree of cytotoxicity from each 

nano-emulsion.  It is evident after investigating the cytotoxicity results, that none of the eight nano-

emulsions (S1 – S4 and O1 – O4) were cytotoxic.  It is also evident the nano-emulsions alone, 

with no API included (S5 and O5), showed no cytotoxicity. 

Low cytotoxicity results could be explained by how the nano-emulsions encapsulated the APIs, 

suggesting the API is not in direct contact with the skin itself and consequently provides a barrier 

between the APIs and the interaction with normal healthy cells.  These results can be compared 

to a study by De Godoi et al. (2017:6), wherein cytotoxicity was reduced using nano-emulsions, 

since the API was protected by oil nano-encapsulation.  This study shows that CLF, ART and DQ 

can be successfully entrapped in a nano-emulsion dispersion and possibly be used in the future 

for the topical treatment of CTB.  It is evident that all eight nano-emulsions, together with their 

placebos, depicted very good results regarding %inhibition with ranges from 52 – 63%; the 

placebos (S5 and O5) also depicted a small %inhibition, 14% and 22%, respectively. The 

%inhibition from the nano-emulsions could be ascribed to the natural oils used in the nano-

emulsions.  No literature was found on cytotoxicity studies conducted on M.tb H37Rv treated with 

a placebo nano-emulsion containing a natural oil, i.e. either safflower or olive oil, and therefore 

contributes to the absence of information.  It is also evident when comparing the %inhibition 

results of safflower oil with that of olive oil, the safflower oil nano-emulsions had higher %inhibition 

values than the olive oil nano-emulsion.  When the placebo nano-emulsions are compared with 

the nano-emulsions containing the APIs (CLF, ART and DQ), it is evident the placebo nano-

emulsions showed exceptional %inhibition, it can therefore be concluded that the natural oils have 
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an impact on the %inhibition.  These natural oil nano-emulsions combined with the APIs indicate 

possible future topical treatment of CTB. 
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F.2 Editorial Policy 
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multidisciplinary audience.  Papers not sufficiently substantiated by experimental detail will not be 

published.  Any technical queries will be referred back to the author, although the Editors reserve 

the right to make alterations in the text without altering the technical content.  Manuscripts 

submitted under multiple authorship, are reviewed on the assumption that all listed authors concur 

with the submission and that a copy of the final manuscript has been approved by all authors and 

tacitly or explicitly by the responsible authorities in the laboratories where the work was carried 

out.  If accepted, the manuscript shall not be published elsewhere in the same form, in either the 

same or another language, without the consent of the Editors and Publisher. 

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 
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Authors are strongly encouraged to submit their manuscript electronically by using the Elsevier 

submission site at (http://www.elsevier.com/iournals). 

After registration, authors will be asked to upload their manuscript and associated artwork.  Full 

instructions on how to use the online submission tool are available at the web address listed 

above. 

If an author cannot submit their manuscript electronically, then for the initial submission of 

manuscripts for consideration, hardcopies are sufficient.  The original plus two copies, complete 

with two sets of figures (including originals or duplicates of sufficient quality for clarity of 

reproduction) and tables, must be submitted in English.  All data that would help referees to 

evaluate the paper should also be supplied.  Manuscripts should be typewritten with double 

spacing and adequate margins on one side of the sheet only (not more than 26 lines per page).  

All pages should be numbered sequentially.  Manuscripts should be sent to one of the following 

Editors-in-Chief according to the geographical origin of the author.  Please include full contact 

information - corresponding author name, e-mail address, telephone and fax numbers, and full 

postal address. 

After final acceptance for publication, your revised manuscript on disk together with two printed 

hard copies should be submitted to the accepting editor.  It is important that the file on disk and 

the printout are identical.  Both will then be forwarded by the editor to Elsevier.  In-depth guidelines 

for submitting artwork/illustrations can be found at: http://www.elsevier.com/ 

artworkinstructions. 

When the paper is to be published as a Rapid Communication, this should be clearly indicated to 

the Editor-in-Chief. 

F.3.1 Europe, Africa, Near East 

Prof AT. Florence, The School of Pharmacy, University of London, 29-39 Brunswick Square, 

London WCIN 1AX, U.K., Fax: +44 20 7837 5092; E-mail: jip(5)pharmacv.ac.uk 

F.3.2 The Americas, Australia and New Zealand 

Prof J.H. Rytting, Pharmaceutical Chemistry Dept, University of Kansas, 2095 Constant Avenue, 

Lawrence, KS 66047, U.S.A., Fax: +1 785 864 5736; E-mail: iip@ku.edu 
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Prof. T. Sonobe, Department of Pharmaceutical Engineering, School of Pharmaceutical Sciences, 

University of Shizuoka, 52-1 Yada, Shizuoka-shi 422-8526, Japan. Fax: +81-54-264-5614; E-

mail: sonobe@gakushikai.jp 

F.4 Manuscript Types 

F.4.1 Full length manuscripts 

The arrangement of full length papers should accord with the following: 

F.4.1.1 Title 

The full title should not exceed 85 characters including spaces between words. 

F.4.1.2 List of authors 

Initial(s) (one given name may be used) followed by the surname of author(s) together with their 

affiliations.  When the work has been carried out at more than one address, the affiliation of each 

author should be clearly indicated using superscript, lower-case letters.  The author to whom 

correspondence should be directed must be indicated with an asterisk. 

F.4.1.3 Affiliation(s) Name(s) and address (es) of the establishment(s) where the work 

was done designated by superscript, lower-case lett ers where appropriate. 

F.4.1.4 Abstract 

An Abstract not exceeding 200 words (a single paragraph) should be provided typed on a 

separate sheet. 

F.4.1.5 Keywords 

A maximum of 6 keywords or short phrases suitable for indexing should be supplied.  If possible 

keywords should be selected from Index Medicus or Excerpta Medica Index.  Authors may also 

wish to refer to the Subject Index published in International Journal of Pharmaceutics, for 

example, Vol. 287/1-2, pp. 205-219. 

F.4.1.6 Corresponding author 

The author to whom correspondence should be directed should be designated with an asterisk 

(do not include the address unless different from that indicated by the author's affiliation).  

Telephone, fax and e-mail address of the corresponding author must be provided. 

F.4.1.7 Text 
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The text should be divided into main sections, such as the following: 1. Introduction; 2. Materials 

and methods; 3. Results; 4. Discussion; Acknowledgements; References; Figure legends; Tables 

and Figures.  These sections must be numbered consecutively as indicated.  Subdivisions of a 

section should also be numbered within that section, for example,  

2.1. Materials, 2.2. Relative humidity measurement, 2.3. Sample preparation, etc. 

F.4.1.8 Nomeclature 

Standard nomenclature should be used throughout; unfamiliar or new terms and arbitrary 

abbreviations should be defined when first used.  Unnecessary or ambiguous abbreviations and 

symbols are to be avoided.  Data should be expressed in SI units. 

F.4.1.9 Figure legends, table legends, footnotes 

Figure legends, tables and footnotes should be typed on separate sheets, lines double spaced.  

Footnotes, to be numbered consecutively in superscript throughout the text, should be used as 

little as possible. 

F.4.1.10 References 

See below for full details. 

F.4.2 Rapid communications 

• These articles should not exceed 1500 words or equivalent space. 

• Figures should not be included otherwise delay in publication will be incurred. 

• Do not subdivide the text into sections.  An Abstract should be included as well as a full 

reference list. 

• No proofs will be sent to the author(s). 

F.4.3 Notes 

Should be prepared as described for full length manuscripts, except for the following: 

• The maximum length should be 1500 words, including figures and tables. 

• Do not subdivide the text into sections.  An Abstract and reference list should be included. 

F.4.4 Reviews and mini reviews 

Suggestions for review articles will be considered by the Editors-in-Chief.  "Mini-reviews" of a 

topic are especially welcome. 
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F.5 References 

F.5.1 Text citation 

The Harvard system of citation must be used.  References should be cited in the text within 

parentheses: where several citations are given within a single set of parentheses, they should be 

arranged in ascending order of year of publication; where more than one reference with the same 

year of publication is cited, they should be arranged in alphabetical order of the first authors' 

names.  When referring to a work of more than two authors, the name of the first author should 

be given, followed by et al. 

Examples of text citations: 

(Gesztes et al., 1988; Chestnut et al., 1989; Legros et al., 1990; Mhando and Li Wan Po, 1990; 

Korsten et al., 1991; Langerman et al., 1991, 1992a,b; Masters et al., 1991; Bonhomme et al., 

1992; Kollietal., 1992). 

(Shaw et al., 1978; Nakano and Arita 1990b; Nakano et al., 1990a,b; Bone et al., 1992) 

F.5.2 Reference list 

All references cited in the text should be listed at the end of the paper (typed with double spacing) 

and assembled alphabetically.  More than one paper 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. 

References must consist of names and initials of all authors, year, title of paper, abbreviated title 

of periodical, and volume and first and last page numbers.  'Personal communication' and 

'unpublished data' should be cited in the text only.  Papers referred to as 'submitted for publication' 

must include the name of the journal to which submission has been made.  Journal titles should 

be abbreviated according to the 'List of Serial Title Word Abbreviations' (available from 

International Serials Data System, 20, rue Bachaumont, 75002 Paris, France. ISBN 2-904939-

02-8). 

Example of arrangement in the reference list: 

Crowe, J.H., Crowe, L.M., Chapman, D., 1984a. Infrared spectroscopic studies on interactions of 

water and carbohydrates with a biological membrane. Arch Biochem. Biophys., 232, 400-407. 

Crowe, J.H., Crowe, L.M., Hoekstra, F.A., 1989. Phase transitions and permeability changes in 

dry membranes during rehydration. J. Bioenerg. Biomembr., 21, 77-92. 

Crowe, J.H., Crowe, L.M., Carpenter, J.F., Aurell Wistrom, C, 1987. Stabilization of dry 

phospholipid bilayers and proteins by sugars. Biochem. J., 242, 1-10. 
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Anchordoguy, T.J., 1988. Interactions of sugars with membranes. Biochim. Biophys. Acta, 947, 

367-384. 

Crowe, L.M., Crowe, J.H., Womersley, C, Reid, D., Appel, L, Rudolph, A., 1986. Prevention of 

fusion and leakage in freeze-dried liposomes by carbohydrates. Biochim. Biophys. Acta, 861, 

131-140. 

Crowe, L.M., Mouradian, R., Crowe, J.H., Jackson, S.A., Womersley, C, 1984b. Effects of 

carbohydrates on membrane stability at low water activities. Biochim. Biophys. Acta, 769, 141-

150. 

Examples of presentation for various types of publication 

Langerman, L., Chaimsky, G., Golomb, E., Tverskoy, M., Kook, A.I., Benita, S., 1990. A rabbit 

model for evaluation of spinal anaesthesia: chronic cannulation of the subarachnoid space. 

Anesth. Analg., 71, 529-535. 

Timsina, M.P., Martin, G.P., Marriott, C, Ganderton, D., Yianneskis, M., 1994. Drug delivery to 

the respiratory tract using dry powder inhalers. Int. J. Pharm., 101, 1-13. 

Gibaldi, M. and Perrier, D., 1982. Pharmacokinetics, 2nd Ed., Dekker, New York. 171  

Deppeler, H.P., 1981. Hydrochlorothiazide. In: Florey, K. (Ed.), Analytical Profiles of Drug 

Substances, Vol. 10, Academic Press, New York, pp. 405-441. 

US Pharmacopeia XXII, 1990. US Pharmacopeial Convention, Rockville, MD, pp. 1434-1435. 

Mueller, L.G., 1988. Novel anti-inflammatory esters, pharmaceutical compositions and methods 

for reducing inflammation. UK Patent GB 2 204 869 A, 23 Nov. 

Du Plessis, J., 1992. Topical liposomal delivery of biologically active peptides. Ph.D Thesis, 

Potchefstroom University for CHE, South Africa. 

F.5.3 Use of digital object identifier (DOI) 

The digital object identifier (DOI) may be used to cite and link to electronic documents.  The DOI 

consists of a unique alpha-numeric character string which is assigned to a document by the 

publisher upon the initial electronic publication.  The assigned DOI never changes.  Therefore, it 

is an ideal medium for citing a document particularly "Articles in press" because they have not yet 

received their full bibliographic information. 

The correct format for citing a DOI is shown as follows: doi:10.1016/j.ijpharm.2005.01.041 

F.6 Articles in special issues 
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Please ensure that the words 'this issue' are added (in the list and text) to any references to other 

articles in this Special Issue. 

F.7 Figures and Tables 

F.7.1 Figures 

Line drawings (including graphs) should be drawn in black ink on white paper or on tracing paper 

with blue or faint grey rulings; graduation will not be reproduced.  Lettering should be large enough 

to permit photographic reduction.  If figures are not to be reduced, their format should not exceed 

16 x 20 cm.  Photographs (or half-tone illustrations) must be of good quality, submitted as black 

and white prints on glossy paper, and have as much contrast as possible.  The magnification of 

micrographs should be indicated by a scale bar in the figure.  Figures should be clearly marked 

on the reverse side with the number, orientation (top) and author's name; a soft pencil or a felt-

tipped pen should be used for marking photographs.  The illustrations should be numbered with 

Arabic numerals.  The legends should be typed separately with double spacing. 

Colour illustrations should be submitted as original photographs, high-quality computer prints or 

transparencies, close to the size expected in publication, or as 35 mm slides.  Polaroid colour 

prints are not suitable.  If, together with your accepted article, you submit usable colour figures 

then Elsevier will ensure, at no additional charge that these figures will appear in colour on the 

web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are 

reproduced in colour in the printed version.  For colour reproduction in print, you will receive 

information regarding the total cost from Elsevier after receipt of your accepted article.  The 2008 

price for colour figures is EUR 285 for the first page and EUR 191 for subsequent pages.  For 

further information on the preparation of electronic artwork, please see 

http://www.elsevier.com/artworkinstructions. 

Please note: Because of technical complications which can arise by converting colour figures to 

'grey scale' (for the printed version should you not opt for colour in print) please submit in addition 

usable black and white prints corresponding to all the colour illustrations. 

F.7.2 Tables 

All tables must be numbered consecutively (with Arabic numerals) and be cited in the text.  Titles 

should be short but descriptive.  Tables should be compiled on separate sheets, together with a 

legend and/or footnotes identified by superscripts a.b.c, etc.  Do not use vertical lines and keep 

horizontal rules to a minimum. 

F.7.3 Dna and genbank accession numbers 
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Many Elsevier journals cite "gene accession numbers" in their running text and footnotes.  Gene 

accession numbers refer to genes or DNA sequences about which further information can be 

found in the databases at the National Centre for Biotechnical Information (NCBI) at the National 

Library of Medicine. 

Authors are encouraged to check accession numbers used very carefully.  An error in a letter or 

number can result in a dead link.  Note that in the final version of the electronic copy, the 

access/on number text will be linked to the appropriate source in the NCBI databases enabling 

readers to go directly to that source from the article. 

F.8 Copyright guidelines for authors 

Upon acceptance of an article, authors will be asked to sign a 'Journal Publishing Agreement' (for 

more information on this and copyright see http://www.elsevier.com/copyriqht).  Acceptance of 

the agreement will ensure the widest possible dissemination of information.  An e-mail (or letter) 

will be sent to the corresponding author confirming receipt of the manuscript together with a 

'Journal Publishing Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 

internal circulation within their institutions.  Permission of the Publisher is required for resale or 

distribution outside the institution and for all other derivative works, including compilations and 

translations (please consult http://www.elsevier.com/permissions). 

If excerpts from other copyrighted works are included, the author(s) must obtain written 

permission from the copyright owners and credit the source(s) in the article.  Elsevier has  

pre-printed forms for use by authors in these cases: please consult http://www.elsevier.com/ 

permissions. 

F.9 Authors' rights 

As an author you (or your employer or institutions) retain certain rights; for details you are referred 

to http://www.elsevier.com/authorsrights. 

F.10 Proofs, Offprints and Page Charges 

One set of page proofs in PDF format will be sent by e-mail to the corresponding author (if we do 

not have an e-mail address then paper proofs will be sent by post).  Elsevier now sends PDF 

proofs which can be annotated; for this you will need to download Adobe Reader version 7 or 

higher available free from http://www.adobe.com/products/acrobat/readstep2.html.  Instructions 

on how to annotate PDF files will accompany the proofs.  The exact system requirements are 

given at the Adobe site http://www.adobe.eom/products/acrobat/acrrsvstemreqs.html#70win. 
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If you do not wish to use the PDF annotations function, you may list the corrections (including 

replies to the Query Form) and return to Elsevier in an e-mail.  Please list your corrections quoting 

line number.  If, for any reason, this is not possible, then mark the corrections and any other 

comments (including replies to the Query Form) on a printout of your proof and return by fax, or 

scan the pages and e-mail, or by post. 

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.  We will do everything possible to get 

your article published quickly and accurately.  Therefore, it is important to ensure that all of your 

corrections are send 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.  Note that Elsevier may proceed with the publication of your article if no response 

is received. 

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail or, 

alternatively, 25 free paper offprints.  The PDF file is a watermarked version of the published 

article and includes a cover sheet with the journal cover image and a disclaimer outlining the 

terms and conditions of use.  Additional paper offprints can be ordered by the authors.  An order 

form with prices will be sent to the corresponding author. 

There are no page charges. 

F.11 Language Services 

Authors, who require information about language editing and copyediting services pre- and post-

submission, please visit http://www.elsevier.com/locate/lanquagepolishinq or contact 

authorsupport@elsevier.com for more information.  Please note Elsevier neither endorses nor 

takes responsibility for any products, goods or services offered by outside vendors through our 

services or in any advertising.  For more information please refer to our Terms & Conditions 

http://www.elsevier.com/termsandconditions. 

F.12 Funding body agreements and policies 

Elsevier has established agreements and developed policies to allow authors who publish in 

Elsevier journals to comply with potential manuscript archiving requirements as specified as 

conditions of their grant awards.  To learn more about existing agreements and policies please 

visit http://www.elsevier.com/fundinqbodies. 

F.13 Author enquiries 
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For enquiries relating to the submission of articles (including electronic submission where 

available) please visit this journal's homepage at http://www.elsevier.com/locate/iipharm.  You 

can track accepted articles at http://www.elsevier.com/trackarticle and set up e-mail alerts to 

inform, you of when an article`s status has changed.  Also accessible from here is information on 

copyright, frequently asked questions and more. 

Contact details for questioning arising after acceptance of an article, especially those relating to 

proofs, are provided after registration of an article for publication.  No responsibility is assumed 

by the Publisher for any use or operation of any methods, products, instructions or ideas 

contained in the material herein.  Because of the rapid advances made in the medical sciences, 

independent verification of diagnoses and drug dosages should be made. 
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