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Abstract

Development of a topical SEDDS for optimised delivery

In order to achieve successful receptor binding affinity at complex pharmacological targets the
majority of drugs are of a lipophilic nature. However, optimisation of drug delivery systems for
lipophilic drugs presents challenges. Self-emulsifying drug delivery systems (SEDDSs) can
provide potential solutions to development problems of lipid-based drug delivery systems.
Research reported successful development of SEDDSs designed for oral-, vaginal-, ocular-,
rectal- and nasal administration. In contrast, SEDDSs intended for optimised for topical drug

delivery has received limited attention.

Clofazimine (log P of 7.66) has been incorporated into multidrug-resistant tuberculosis (MDR-
TB) regimens in an attempt to decrease treatment times and enhance activity against resistant
bacteria. However, clofazimine poses oral drug delivery challenges as well as adverse effects
including gastric accumulation. SEDDSs indicated for topical application can bypass liver
metabolism together with gastric accumulation. Nonetheless, the lipophilic outermost skin
layer remains a formidable barrier, especially to a drug as lipophilic as clofazimine. Therefore,
SEDDSs were chosen as a vehicle since skin penetration enhancers can be included in the
form of natural oils, utilised to solubilise clofazimine while establishing stratum corneum (SC)
lipid disruption to enhance topical delivery. Furthermore, development of a topical SEDDS can
provide alternative treatment in terms of extra-pulmonary tuberculosis (EPTB) infections,
specifically cutaneous tuberculosis (CTB). This incidence of this otherwise rare EPTB
manifestation has increased in recent time due to MDR-TB strains coupled with enhanced
tuberculosis (TB) incidence in immunocompromised patients. Currently similar oral anti-
tubercular regimens are employed to treat both pulmonary TB and CTB. However, topical
SEDDS may have a beneficial outcome in terms of localised effect which will thereby minimise

drug interactions if patients are also receiving pulmonary TB treatment.

An approach of quality-by-design and characterisation was followed during development of
SEDDS formulations intended for optimised topical delivery of clofazimine. Solubility of
clofazimine was determined in water, argan-, avocado-, coconut-, macadamia- and olive oil.
Next, water titration experiments were conducted for the purpose of identifying the
spontaneous emulsification capacity of different excipients. After establishing self-
emulsification regions, check-point formulations were selected within the self-emulsification
area itself where favourable drug delivery system properties, in terms of topical application,

could be predicted. Hereafter, check-point formulations, that did not depict phase separation

XX



at an ambient temperature after a period of 24 h, were submitted to characterisation
experiments. Subsequently, characterisation profiles identified SEDDSs with favourable

topical drug delivery properties.

Dermal diffusion studies involving in vitro topical delivery of clofazimine were successful.
Remarkably, olive oil SEDDS achieved the highest topical clofazimine delivery. This may have
been facilitated by increased oleic acid content of olive oil, as oleic acid is known to enhance
SC lipid disruption and thereby enhance dermal delivery of drugs. Isothermal microcalometric
experiments were conducted in order to confirm compatibility of the SEDDS excipients.
Potential interactions were observed between argan oil and clofazimine in addition to the
combinations of Span®60 and argan-, macadamia- and olive oil, respectively. Nonetheless,
the aim of this study was successfully met through the development of selected topical SEDDS
that achieved optimised topical clofazimine delivery.

Keywords: Clofazimine, cutaneous tuberculosis, self-emulsifying drug delivery systems,

topical delivery
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Chapter 1

Introduction, Problem Statement, Aims and Objectives

1.1 Introduction

The development of novel drug entities is both a prolonged and expensive process
(Breckenridge & Jacob, 2019; Pushpakom et al., 2018). A possible strategy to avoid these
costly procedures is to redirect the use of existing drugs towards treating general as well as
orphaned forms of diseases (Marcinkute et al., 2019;  Pushkaran et al., 2019;
Muthyala, 2011). Given that existing drugs have been thoroughly characterised in terms of
their adverse effect profiles during treatment of a primary disease, these drug entities can be
repurposed by taking into account these adverse effect profile (Herma Sree et al., 2019).
Repurposing of known drugs can be divided into four main approaches, namely: product,
concept, action and use (Langedijk et al., 2015). For the purpose of this study the known drug
clofazimine employed for the treatment of multi-bacillary leprosy (Savla et al., 2017;
Pai, 2015), will be incorporated into topical self-emulsifying drug delivery systems (SEDDSS)
in order to provide a supplementary as well as localised treatment for cutaneous tuberculosis
(CTB). Clofazimine has been reintroduced to aid in treatment of TB in an attempt to shorten
the current treatment regimen (Lange et al., 2019; Mirnejad et al., 2018; Sotgiu et al., 2017,
van Deun et al., 2004). Moreover, synergism between clofazimine and pyrazinamide (a first
line anti-tubercular agent) has been established (Ammerman et al., 2018), thus, rendering

clofazimine as a useful drug (Brennan & Young, 2008).

Redirecting current drugs to provide global relief against anti-microbial resistance, especially
observed during the treatment of resistant TB strains, provides an immediate short term
solution (Herma Sree et al., 2019; Hind et al., 2019; Smani et al., 2019). The increased anti-
tubercular drug resistance is portrayed in the increased incidences of extra-pulmonary TB
(EPTB) manifestations (Sharma et al., 2017). According to Sharma et al (2017) 15% of first
time TB cases are of an extra-pulmonary nature. This can be linked to increased anti-microbial
resistance and the high prevalence of co-infection with the Human Immunodeficiency Virus
(HIV) (Hasan et al., 2018; Sharma et al., 2017). As CTB is a rare form of EPTB, this daunting
disease is frequently misdiagnosed or simply overlooked (De Maio et al., 2016; Frankel et al.,
2009). CTB treatment regimens are torturous considering that similar regimens are prescribed
to treat CTB as well as pulmonary TB infection (Chen et al., 2019; van Zyl et al., 2015).
Moreover, anti-tubercular treatment is generally accompanied by unpleasant adverse effects

(Erwin et al., 2019; Nemati et al., 2019). Clofazimine is no exception as this lipophilic drug



tends to accumulate in tissues such as the liver, reticulo-endothelial system, breast,
macrophages and intestines as is observed during treatment of leprosy (Swanson et al., 2016;
Yoon et al., 2016). Hence, liver metabolism as well as general adverse effects accompanying
treatment by clofazimine treatment will be bypassed by altering the route of clofazimine
administration to that involving topical SEDDSs. Bypassing liver metabolism through dermal
drug delivery has displayed favourable results in terms of decreasing adverse effects of drugs
such as meloxicam and hopefully this study can contribute to achieve similar results for dermal
clofazimine delivery (Machado et al., 2018).

Clofazimine is considered a highly lipophilic drug with a Log P value of 7.66
(Sangana et al., 2018). Lipid based drug delivery systems, including SEDDSSs, are extremely
versatile platforms employed to optimise delivery of lipophilic drugs (Savla et al., 2017). The
oily component of SEDDSs can enhance solubility of clofazimine in order to expose the skin
to sufficient clofazimine concentrations (Chandrakar et al., 2017). Moreover, disruption of the
naturally occurring lipids of the stratum corneum (SC) can also be effected by the skin
penetration enhancing effects of plant based oils (Lin et al., 2018; Vaughn et al., 2018;
Viljoen et al., 2015). For the current study, five plant based oils will be individually included as
a lipid component of various SEDDS formulations in order to establish which plant based oil
facilitates the best dermal drug delivery of clofazimine. Plant based oils present additional
topical application benefits; for example, the presence of anti-microbial compounds occurring
in the oil may prevent secondary bacterial infections involving CTB disease that leads to open
lesions (Lin et al., 2018; Vaughn et al., 2018; Santos et al., 2014). Furthermore, surface
active agents are included to facilitate formation of the interfacial film (surfactant) and to
ensure flexibility of this interfacial layer (co-surfactant) established between the lipid- and
aqueous phase (Rani et al., 2019). Moreover, appropriate inclusion of surface active agents
can establish formation of self micro-emulsifying drug delivery systems (SMEDDS) or self
nano-emulsifying drug delivery systems (SNEDDS) due to its capacity to finely disperse
droplets (Rani et al., 2019). Additionally, surface active ingredients similarly possess the
potential to disrupt lipids present in the SC and render improve dermal drug delivery
(Yanase & Hatta, 2018). The to be used in this study are indicated in Figure 1.1.
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Figure 1.1: Diagrammatic illustration of processes and components employed during
formulation of SEDDSs (adapted from Rani et al., 2019)

According to Figure 1.1, SEDDS formulations may be prepared utilising the water titration
method (Prajapat et al., 2017). This method is a simplified process when compared to other
formulation techniques utilised to formulate general emulsions (Gongalves et al., 2018). The
concept of spontaneous emulsification is to establish self-emulsification of oil-in-water
emulsions by introducing the already combined oil- and surfactant phase (i.e. surfactant and
co-surfactant) to the agueous phase during gentle agitation at an ambient temperature of 25°C
(Rohrer et al., 2018; Patel et al., 2011). This phenomenon is linked to low interfacial energy
that exists between specified combinations as well as concentrations of the incorporated
components. This facilitate spontaneous emulsification and thus generate isotropic and
thermodynamically stable solutions (Rani et al., 2019; Rohrer et al., 2018,
Solans et al., 2016).

In order to determine optimum concentrations of excipients utilised in combination, pseudo-
ternary phase diagrams are required (Ujhelyi et al., 2018). Pseudo-ternary phase diagrams
are employed to illustrate the region of self-emulsification as displayed by different ratios of
surfactant phase to oil phase during the dropwise addition of the aqueous phase
(Patel et al., 2011). Hence, water is added in a dropwise fashion and sufficient time is allowed
for gentle agitation of the mixtures between addition of each water drop so as to observe a
change in the turbidity of mixtures (Syed & Peh, 2014). The end point marks the concentration
of excipients at which the mixture becomes turbid and remains turbid while subjected to
moderate agitation (Ke et al., 2016; Czajkowska-Kosnik et al., 2015; Wang et al., 2015). At
this point, self-emulsification is established and these concentrations are plotted on pseudo-

ternary phase diagrams to indicate the self-emulsification area (Balata, 2018). Once the self-



emulsification regions of the different SEDDSs are identified, the achievability of emulsion
formation can be evaluated and the emulsion characteristics may be investigated
(Wang et al., 2015).

Topical administration of SEDDSs has been used successfully used for treatment of vaginal-
and ocular infections (Kollner et al., 2017; ElKasabgy, 2014). In contrast, application of
SEDDSs to the skin has received limited attention (Khan et al., 2018; Pratiwi et al., 2017).
Therefore, clofazimine is reformulated by using SEDDSs for improving dermal drug delivery
in order to present alternative as well as supplementary treatment for CTB.

SEDDSs were originally developed to improve oral delivery of lipophilic drugs
(Rohrer et al., 2018). Studies aimed at enhancing oral drug delivery by utilising SEDDSs
provided promising results (Efiana et al., 2018; Bhandari et al., 2017; Parakh et al., 2016;
Chow et al., 2015). However, the skin presents a formidable drug delivery barrier due to the
lipophilic nature of the outermost layer (Bellefroid et al., 2019). SEDDSs can prove to be a
useful instrument employed to facilitate dermal drug delivery. Bernkop-Schniirch and Jalil
(2018) claimed drug release from SEDDS formulations to be a modest diffusion process that
occurs from the lipid phase to the aqueous phase. Therefore, in order to obtain drug release
from SEDDSs, the drug has to diffuse to the surface of the oil droplets. Subsequently, the drug
molecules will reach the aqueous medium if the interfacial barrier can be crossed (Bernkop-
Schniirch & Jalil, 2018). Hence, the lipid component of SEDDSs can contribute towards
penetration of the SC, whereas the aqueous component of SEDDSs can possibly facilitate
delivery into the underlying, aqueous skin layers (Burger et al., 2015; Viljoen et al., 2015). As
a result, successful topical delivery of the highly lipophilic clofazimine by means of SEDDS

may find application in the treatment of CTB.

1.2 Research problem

Currently CTB is treated by anti-tubercular agents via oral or intravenous administration
(Chen et al., 2019; van Zyl et al., 2015). However, as in the case of pulmonary TB, the
treatment regimens for CTB are protracted and difficult. As only limited last line anti-tubercular
agents are available to treat multi-drug resistant TB (MDR TB) and extensively drug resistant
TB (XDR TB) (Roycroft et al., 2018; Boru et al., 2017), it is vitally important to ensure patient
compliance and avoid resistance to first line anti-tubercular agents. Therefore, the
development of a formulation utilising a supplementary route for anti-tubercular drug
administration should contribute to improve patient compliance, but may also decrease the
treatment time (Lange et al., 2019). Furthermore, the development of a SEDDSs containing
clofazimine may prove vital in improving the solubilisation of this highly lipophilic drug, and

consequently the diffusion of clofazimine into the affected skin.
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1.3 Aims and objectives

This study is aimed at developing a SEDDS to deliver the highly lipophilic drug clofazimine by
means of topical application. Selected plant based oils will be included as critical solubilisation
components in the selected SEDDS formulations while providing attractive dermatological
benefits (Lin et al., 2018). A surfactant (Tween®80) and a co-surfactant (Span®60) will be
incorporated into these formulations in a 1:1 ratio to decrease tension at the interface between
the oil and water components in order to minimise the input energy required for self-
emulsification, as well as to improve the thermodynamic stability of the selected SEDDS
formulations (Gurram et al., 2015). The chosen plant based oils are moderately accessible,
safe for external application and can contribute to improved clofazimine solubilisation
(Vaughn et al., 2018; Zhang et al., 2015). Pseudo-ternary phase diagrams will be employed
to provide a supportive method to determine the optimum concentrations of the various
ingredients utilised in combination (Prajapat et al., 2017; Wang et al., 2015). Application of an
optimum concentration combination of the ingredients onto the skin may facilitate increased

topical delivery of the highly lipophilic clofazimine.

Therefore, the objectives of this study are to;

o Verified that the analytical method, namely high performance liquid chromatography
(HPLC) was able to be used for determination of clofazimine concentration.

e Determined the solubility of clofazimine in the selected plant oils, namely argan-,
avocado-, coconut-, macadamia- and olive oil.

e Constructed pseudo-ternary phase diagrams to establish the required concentration of
each ingredient in order to formulate a SEDDS successfully.

e Evaluated the SEDDSs in terms of droplet size, size distribution, zeta-potential,
robustness to dilution, self-emulsification, cloud point determination, thermodynamic
stability, viscosity and pH.

e Selected the most optimum topical SEDDS formulations after analysis of the results
obtained from the various tests performed.

e Conducted membrane release studies to establish clofazimine release from the
selected topical SEDDS formulations.

e Performed skin diffusion as well as tape stripping experiments to determine
transdermal and topical delivery of clofazimine, respectively.

e Determined if any potential incompatibilities exist between the included excipients by

employing isothermal microcalorimetry.
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Chapter 2

Review article submitted for publishing in Tuberculosis Journal

This chapter is included as the literature review of this study and is introduced according to
the format prescribed by the Author Guidelines of the journal Tuberculosis, as attached in
Annexure G. This potential review publication was completed for the purpose of complying
with the requirements of the NWU that a thorough overview of literature must form part of the
final submitted dissertation. Therefore, this review was considered as fulfilment of the literature

overview requirements.
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SUMMARY

Tuberculosis (TB) remains the most notorious infectious disease known to mankind. Despite
preventive developments, such as the Bacillus Calmette—Guérin (BCG) vaccination, TB
remains a notably intractable disease compared to the success rates achieved with the
treatment of Human Immunodeficiency Virus (HIV) and malaria research. Anti-tubercular
drug resistance is of increasing concern in both developing countries as well as developed
countries, and is especially common in immunocompromised individuals. Moreover,
increased incidence of extra-pulmonary TB (EPTB) reflect the increasing antimicrobial drug
resistance world wide. Additionally, the increased number of children infected with TB
presents an international red flag. For the purpose of establishing global TB elimination, the
World Health Organisation (WHO) promulgated the “End-TB” initiative that had as its goal to
end this epidemic by 2035. These necessitated interventions to be extended by focusing in
part on high impact, integrated and patient-centred approaches, such as individualised
therapy. New scientific understanding and innovations are imperative, and the WHO and
United Nations declared that the need exists for intensified research and innovation in
especially new tools, in addition to investing in the development of new drugs. New tools can
include the use of optimised drug delivery systems in order to improve anti-tubercular
treatment. While the introduction of new drugs would be ideal, repurposing of known drugs
and improving drug delivery should assist in alleviating the global TB burden. This review
focusses on the potential of self-emulsifying drug delivery systems (SEDDSS) as alternative
drug delivery systems intended for administration by the topical route to aid in treatment of
cutaneous TB (CTB) infection. Here we consider the use of clofazimine, a previously under-
utilised anti-tubercular agent that recently demonstrated potential in combination with other
TB drugs for shortening of anti-tubercular treatment regimens. The concept of formulating
clofazimine using self-emulsifying drug delivery systems incorporating plant based oils as

emulsifiers and skin penetration enhancers is discussed. Overall, optimised anti-tubercular
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drug delivery remains a daunting challenge, and in this review, we present a concept in
diversifying drug delivery systems to assist in the treatment of global TB disease.
Keywords:

Antimicrobial resistance, clofazimine, cutaneous tuberculosis, self-emulsifying drug delivery

system, topical, tuberculosis
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1 Introduction

Control of the global tuberculosis (TB) burden has recently been deemed as of increased
concern among both developing as well as developed countries [1,2]. Developing countries
burdened with the highest TB incidence are India, Indonesia, China, Nigeria, the Philippines,
Pakistan and South Africa [3]. TB might have been wrongly earmarked in the past as a sub-
Saharan Africa disease as new studies conducted by developed countries including
Germany and Switzerland indicate a definite increase in TB cases in Europe [4—6]. This
phenomenon may be linked to African refugees’ migration flow to Europe in order to escape
their own war tormented countries [6—8]. In contrast, respective research states a decrease
of approximately 10% per annum in TB incidences in Europe, since 2010. This same source,
though, indicated that Europe has the highest drug-resistant TB burden in the world [9]. For
these reasons, it is recommended that the focus of TB treatment must shift to the global
antimicrobial resistance crisis, which is clearly visible in the 50% or less cure rate displayed
by treatment of drug-resistant TB infections. It is advocated that individualised therapy
should rather be implemented [9,10].

However, the search to eliminate TB is not only limited to the aforementioned countries
[3]. A recent publication describes the daunting challenge of maintaining control of TB in
Australia [11]. Statistics indicate that 90% of reported TB cases in Australia during 2013
were of infected individuals that originated from other countries [12]. This occurrence is
linked to the high mobility of modern populations; in this case disease carriers from
neighbouring countries such as Papua New Guinea [13]. On the other hand, the United
States (US) had 22 years of declining TB incidence until 2015 when the TB frequencies
increased minutely to represent the first year in which reported TB cases were higher than
that stated in 1983. Multi-drug resistant TB rates in the US are described as stable, but a
special interest is taken in the vulnerability of children that develop active TB once infected

[14].
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TB in children is mostly unrecognised and overlooked. There is nonetheless a vast
number of children infected withTB, and more concerning is the fact that this number is
increasing [15]. In TB endemic areas, it is also considered one of the ten main causes of
death in children younger than 5 years of age [16]. Additionally, TB deaths in children are
often misdiagnosed as meningitis, pneumonia, death caused by malnutrition and/or
HIV/Acquired Immunodeficiency Syndrome (AIDS), leading to an even higher than noted
rate of TB deaths amongst children [15,17]. To worsen the situation, accurate estimates of
the true multi-drug resistant TB burden among children are unavailable as TB displays a
paucibacillary nature in children, which complicates confirmation of the disease [14].
Therefore, this disease is now receiving close attention in both developing and developed
countries in order to maintain control over, and eventually, to expunge TB. [18,19].

Consequently, the WHO implemented the “End-TB” campaign in September 2018 that
endeavours to end this epidemic by the year 2035. To achieve this objective, three pillars of
the WHO End TB Strategy have been developed, where “Intensified research and
innovation” is included as one of the pillars. The two key components of this pillar are
“discovery, development and rapid uptake of new tools, interventions and strategies” as well
as “research to optimise implementation and impact, and promote innovations”. Moreover, at
the first ever United Nations high level meeting on TB, a declaration was undertaken on the
necessity for increased research and innovation, with the development of new tools for TB
treatment [20—-24]. Emphasis has now been placed on finding unique drug delivery systems,
while utilising “familiar drugs”, in addition to the more traditional approach of discovering new

active compounds.

2 Anti-tubercular drug resistance

TB is one of the principal causes of global morbidity and mortality. This extremely
infectious disease is rendered even more intractable by the increasing occurrence of
antimicrobial drug resistance. The WHO indicated that 458 000 of the 10 million TB cases

reported in 2017 were triggered by Mycobacterium tuberculosis (Mtb) with specific

18



resistance towards rifampicin and isoniazid [25—-27]. Mtb is categorised as an acid-fast
bacillus with a slow growing rate [1]. Moreover, this organism is able to survive in a
guiescent state while harboured in the human body without eliciting any TB symptoms [28].
This quiescent TB state is referred to as latent TB infection (LTBI) [15,28]. Recent research
has estimated that at least one in four people worldwide has latent TB, and in almost 10% of
the population infected with latent TB, this will develop into active TB. However, numerous
individuals, including children, who live with TB patients or in poor, overcrowded conditions,
as well as immune-compromised patients are especially vulnerable to LTBI. Subsequently,
upon development of an immunocompromised situation such as through infection with HIV,
development of diabetes mellitus, through an organ transplant, becoming pregnant, or living
in overcrowded and unhygienic living environments coupled with with poor nutritional intake,
the inactive TB state might be triggered to become an active TB infection. Persons, for
example, infected with HIV, are 20 to 30 times more prone to contract active TB from LTBI
[15,29-32].

However, how does drug resistance occur given that TB is both preventable and
treatable? Firstly, TB drug resistance imply that Mtb displays resistance to first line anti-
tubercular agents including isoniazid, rifampicin, pyrazinamide, streptomycin and ethambutol
[33,34]. In order for a TB regimen to be effective, the simultaneous administration of various
bactericidal and sterilising anti-tubercular agents must be maintained for a sufficient period
of time [1,35] in order to guarantee anti-microbial effectiveness together with the prevention
of Mtb mutations that might lead to drug resistance [36]. Resistance generally emerges due
to insufficient TB management when anti-tubercular drugs are misused or mismanaged.
Examples include patient noncompliance (failure to complete the correct full course of
treatment), reinfection with Mtb post treatment, the inappropriate utilisation of medicines
such as when health-care providers prescribe the incorrect treatment regime (incorrect
employment of antibiotics, prescribing an incorrect dosage, or length of time for treatment),

an inconsistent supply, or restricted access to treatment, or when the appropriate drugs are
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of poor quality [32,37,38]. It has even been found that clinical and genetic risk factors may
also encourage the development of multi-drug resistant TB in non-HIV infected patients [39].

Nonetheless, it has been established that the risk of development of drug-resistant TB is
greater among HIV-infected individuals compared to HIV-seronegative sufferers. A study
conducted in 1993-1994 in the USA concluded that HIV-infected patients with TB who had
not previously been treated for TB, were already infected by bacterial isolates with an 11.3%
incidence of isoniazid resistance and an 8.9% incidence of rifampicin resistance. These
statistics were almost double compared to those seen in an HIV-negative population [40].
Although the mechanisms involved in the development of rifampicin resistance are not yet
clearly understood, malabsorption of antimycobacterial drugs (rifampicin and ethambutol) in
HIV-infected patients, associated with acquired drug resistance leading to treatment failure,
has been reported [41].

Multi-drug resistant TB (MDR-TB) is defined as the combined resistance to at least two of
the front line anti-tubercular agents, isoniazid and rifampicin, and is more prevalent in
patients not adhering to anti-TB therapy. However, more concerning though is that multi-
resistance is predictive of a poor outcome since these drugs are the two key constituents of
anti-TB treatment [25,27,33,42—-45]. MDR-TB is generally treated with fluoroquinolones
(moxifloxacin and ofloxacin) and injectable agents (amikacin, capreomycin, kanamycin or
streptomycin), normally employed as last line anti-tubercular agents, in combination with p-
aminosalicylic acid, cycloserine or ethionamide for at least 18 months [45-47]. Again, this
regimen is not onlycomplicated, it is furthermore costly and very protracted, and this tends to
enhance compliance failure. Moreover, in 8.5% of all patients that contracted MDR-TB, it is
projected that Mtb is also resistant against at least one fluoroquinolone and/or one of the
second-line injectable aminoglycosides. Resistance against both fluoroquinolones and
aminoglycosides is described as extensively drug resistant TB (XDR-TB), whereas pre-XDR
refers to either resistance to fluoroquinolones or aminoglycosides, respectively
[25,27,45,46,48,49]. The emergence and transmission of these types of TB are again partly
driven by the association between TB and HIV (TB/HIV coinfection). Evidence shows that
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populations infected with HIV are more prone to contract XDR-TB, which is fundamentally
untreatable with normal TB treatment regimens. XDR-TB is a critical health hazard,
predominantly in communities with a high incidence of HIV [38]. According to a recent 2018
WHO global TB statement, effective treatment is only accomplished in 55% of individuals
that contracted MDR-TB, and is only proficient in 34% of XDR-TB patients [25,27]. The
presence of MDR-TB and XDR-TB furthermore enhances the occurrence of extra-pulmonary
TB infections [50]. Therefore, treatment is even more complicated as 5% of all new TB cases
are considered multi-drug resistant, with the global estimate being that 3.3% of first time TB

cases and 20.5% of previously treated TB patients display MDR-TB [43,51].

3 Cutaneous tuberculosis, an extra-pulmonary infection

TB presents normally as a pulmonary infection. However, approximately 20% of TB cases
are extrapulmonary (EPTB) and this number is rising; consequently, it cannot be ignored any
longer. EPTB includes ocular TB, hepatobiliary and splenic TB, TB spondylodiscitis, pleural
TB, TB encephalitis, breast TB, TB pericarditis, TB lymphadenitis, spinal TB, gastrointestinal
and peritoneal TB, genitourinary TB, osteoarticular TB, urogenital TB, TB meningitis, and
cutaneous TB (CTB). The incidence of EPTB increases with associated HIV infection, an
increase in MDR-TB and immunosuppressive treatment, specifically utilising inhibitors of
tumor necrosis factor-alpha [1,51-62].

CTB is a relatively uncommon infectious disease where merely 1-2% of all EPTB
infections involve cutaneous involvement and of these cases only around 0.1-1% of all
cutaneous disorders can be related to CTB [51,55,63]. CTB was first described in 1826 by
Théophile Laennec, inventor of the stethoscope, who reported a lesion on his hand that was
triggered through access into his skin by means of a causative mycobacterial invasion. This
causative organism was however only identified in 1882 when Robert Koch first discovered
Mtb [51,52,54,55,63-65].

Skin manifestations due to EPTB are commonly caused by Mtb and are known as true

CTB. However, other atypical Mycobacterium species may also account for cutaneous
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manifestations. These Mycobacteria can be divided into two sub-categories, namely: slow
growers (M. haemophilum, M. leprae, M. marinum, M. ulcerans, and less regularly M. avium
complex, M. kanasii, M. malmoense, M. scrofulaceum) and rapid/fast growers (M. chelonae,
M. fortuitum, and infrequently: M. abscessus). Rapidly growing organisms have a 7 day or
less incubation period, whereas slow growers have a longer incubation time [51,65—69].
M. bovis and the Bacille Calmette-Guérin vaccine, a diminished strain of M. bovis, have also
been reported to cause CTB [70]. Infections by means of atypical mycobacteria appear
primarily in immunocompromised populations and there is a tendency for dissemination,
whereas CTB infection in immunocompetent hosts follows skin penetration. This type of CTB
is normally described as localised [55]. True CTB is more prevalent among women and
young adults. The highest affected area on the skin is the face, although it frequently
appears on the neck and torso as well [71]. Factors contributing to the diverse
manifestations of the different CTB sub-categories include age and sex. For example,
scrofuloderma is more common amongst paediatric patients, whereas erythema induratum
of Bazin presents more frequently in females and TB verrucosa cutis is predominantly
observed in males [72—74]. Individuals exposed to malnutrition or unhygienic conditions, or
suffering from diabetes mellitus, end-stage renal disease, malignancies, HIV co-infection, or
being submitted to immunosuppressive therapy, and infants and pregnant women, amongst
others, are at risk of contracting active CTB [26,63,75,76]. Overall, a diverse collection of
individuals is vulnerable, especially due to the global increase in MDR-TB and XDR-TB [77].
Currently three criteria are utilised to classify CTB, i.e. pathogenesis of the causative
organism, clinical presentation, and histology. CTB is therefore generally categorised as
either an endogenous or exogenous propagation, considering the bacterial basis and the
infection means, and as a multibacillary or paucibacillary configuration, depending on the
bacterial load in the lesion. The exogenous mechanism refers to direct inoculation into the
skin, whereas the endogenous mechanism is secondary to a previously standing infection
where transmission arises by means of contiguous, lymphatic or haematogenous
dissemination [78,79-82]. This variety of clinical CTB manifestations severely complicates
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diagnoses (Figure 1). Moreover, CTB is an elusive dermal condition as it resembles a
number of visually similar dermal disorders [51,63,75,78]. In addition, the microbial basis of
CTB is vague regardless of the improved detection technigues that include culture smears,
polymerase chain reaction examinations and enzyme-linked-immunosorbent serologic

assays [63,73,78,82-84].
Figure 1: Classification systems of CTB (adapted from [63,82])

Currently, treatment options for CTB remain the same as for general systemic TB due to
the involvement of systemic infections in most cases. Furthermore, surgical interventions in
certain indications (surgical excision of lesions and correction of deformities) are sometimes
necessary [51,55,85]. CTB treatment comprises two phases. The first phase is the intensive
phase and lasts approximately 8 weeks. This phase consists of simultaneous administration
of first line anti-tubercular agents; after this regime patient are no longer considered
infectious, but do require more treatment in order to eradicate the infection. Subsequently, a
maintenance phase is implemented, consisting of simultaneous administration of isoniazid
and rifampicin. This phase is maintained for a period of at least 16 weeks for HIV negative
patients and 28 weeks for HIV positive patients, but may even last for 9—-12 months. For the
treatment to be deemed successful, patients need to adhere stringently to this treatment
regimen [51,52,84]. However, due to these long-term treatment phases, patient compliance
may be problematic, and in order to not only improve patient compliance, but also treatment
outcomes, alternative solutions should be found. First, anti-microbial agents must be
explored in terms of anti-tubercular agent substitutions to shorten these treatments, fight
MDR-TB and XDR-TB, as well as minimise adverse effects accompanied by first line anti-
tubercular compounds. Likewise, novel therapeutic combinations of existing antimicrobials
and first line TB agents could be more beneficial (such as shortening the TB schedules) as
recommended by the WHO and United Nations agreement [2,20—-24].

Recently, interest in so-called “repurposed drugs”, i.e. drugs formerly intended for

indications other than TB that have been shown to be useful in treating MDR-TB and XDR-
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TB, was rekindled [86]. Clofazimine, is one of these compounds that depicted a significant
efficacy against resistant TB strains in the Bangladesh regimen [2,25,87]. Individualised anti-
tubercular therapy is furthermore increasingly recommended, as it is seen as the most
effective and safe manner of targeting the resistance of individual TB patients without
inducing further resistance [10,88]. In order to turn the tide against TB and CTB,
reintroduction of agents such as clofazimine should not be disregarded as these can assist

in both individualised therapy as well as shortening the treatment phases [2,36,89].

4 Clofazimine

Clofazimine, initially known as “B663”, was originally developed in 1954 by Vincent Barry
and co-workers to treat TB. It is a highly lipophilic riminophenazine dye, which is significantly
active against Mth. However, despite high bactericidal and sterilising activity in vitro as well
as in a mouse model of MDR-TB treatment; its good oral absorption in micronised form
along with its deposition and persistence in adipose tissue and in cells of the
reticuloendothelial system, this compound did not initially progress as an anti-tubercular
agent as it was found to be ineffective against TB in humans [15,90-96]. Browne and
Hogerzeil [97], however, concluded that due to the accumulation of clofazimine inside
macrophages, it could be effective against intracellular diseases. Chang recognised its
efficacy against leprosy at the end of 1959, and after clinical trials during the 1960s in
Nigeria and elsewhere, the Swiss pharmaceutical company Novartis marketed clofazimine in
1969 under the brand name Lamprene® as an anti-leprosy agent [25,98,99]. In 1982 a WHO
Study Group recommended utilising clofazimine as a main constituent in the multidrug triple
treatment regimen (i.e. dapsone, rifampicin and clofazimine) of multibacillary leprosy [92,99].
However, Novartis was only granted FDA approval of clofazimine as an orphan drug (a
pharmaceutical compound developed to treat medical disorders which, since they are so
rare, will not be cost-effective to produce without government assistance) at the end 1986

and its use as anti-tubercular agent lapsed for several decades [98,100,101]. Moreover,
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clofazimine was classified as a group 5 drug by the WHO, indicating that it is a drug with
unclear efficacy that is not recommended for routine use [102].

Later, interest in clofazimine for the treatment of TB increased flared up following its
inclusion in the so-called “Bangladesh regimen” where it was established that approximately
90% of patients that contracted MDR-TB were healed within a 9—11 month period [2,87,103].
This was a substantial improvement from the standard WHO-proposed 24 month regimen
that cured less than 50% of MDR-TB victims. Results of a larger clinical trial study in
Bangladesh as well as from other clinical trials in Cameroon and Niger confirmed these
conclusions [93,104,105-107]. The Bangladesh regimen according to the WHO 2016
guidelines comprises an initial treatment phase consisting of 4—6 months' treatment with
kanamycin, moxifloxacin, prothionamide, clofazimine, pyrazinamide, isoniazid (in high
dosages) and ethambutol. This initial phase is followed by a 5 month treatment period with
moxifloxacin, clofazimine, pyrazinamide and ethambutol [2,105]. The specific bactericidal
and treatment-shortening action of clofazimine was furthermore noted in MDR-TB mouse
models, and it was likewise displayed in a controlled clinical trial performed in China
[108,110]. In contrast, the randomised controlled STREAM trial indicated non-inferiority of
the short-course-containing regimen, but not superiority [111]. For these reasons, the full
potential of clofazimine as an anti-tubercular agent must still be investigated. Nonetheless,
clofazimine is listed in the WHO Model List of Essential Medicines as a leprostatic-, anti-
tubercular- and anti-inflammatory agent [112]. It is also categorised by the WHO as a group
C agent (i.e. other core second line anti-tubercular agents) [36] and therefore clofazimine
may just have the capacity to significantly advance the treatment of MDR-TB and CTB.

Oral absorption of clofazimine is variable, fluctuating from 45-62% when taken on an
empty stomach; however, absorption is increased when taken with food. This drug is
metabolised by glucuronidation in the liver, incompletely expelled by the biliary route, and
only negligibly excreted in urine, sputum, sebum, and sweat. Clofazimine has been reported

to cross the placenta and is excreted in breast milk [94,100,113,114].
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Second line anti-tubercular drugs are known to be more toxic [115] and clofazimine is no
exception as the highly lipophilic nature of this drug leads to accumulation in macrophages
and in adipose cells such as in the heart, liver, breasts, adrenal glands, pancreas, spleen,
bone marrow and lamina propria of the jejunum thereby extending the half-life to 65—70 days
[92-94,100,113,114,116-118]. This accumulation leads to adverse reactions such as
reversible skin, hair and corneal dyschromia to brownish-black, dark red, or even to orange
pink. Approximately 46% of patients receiving clofazimine treatment display conjunctival
deposition, whereas nearly 53% experience crystal deposition in the cornea and 32% of
patients present with clofazimine crystals in their tears [119,120]. Deposition of a dark-brown
pigmentation is furthermore sometimes visible on the finger nails. Discoloration is more
evident in fair-skinned individuals exposed to sunlight and even though it is reversible, it may
take years to completely clear up. Breast milk, sweat, urine, and faeces may also discolour.
In addition, dry skin and ichthyosis, defined as an increase in skin thickness due to lack of
shedding of dead skin cells, often transpires. However, severe gastrointestinal reactions
(nausea, vomiting, abdominal pain, diarrhoea) are rather common (reported in >10% of
patients) and deemed most concerning as accumulation, as well as precipitation of
clofazimine in the wall of the small intestine, ensue after sustained administration
[86,92,100,108,113,114,116,121,122]. In 1-10% of patients, weight loss, pruritus,
diminished visual perception, and/or eye irritation/dryness occur. Less commonly, more
severe adverse effects may be observed including enteropathy possibly complicated by
intestinal obstruction, gastrointestinal bleeding, and splenic infarction [113,114,123,124].

Normally, side effects accompanied by clofazimine treatment are dependent on the dose
administered and the duration of administration [91]. Clofazimine up to 300 mg daily is often
well tolerated, however, 100 mg daily is normally recommended due to gastrointestinal
intolerance. Higher dosage regimens given over longer periods, i.e. beyond 4 months, may
lead to crystal enteropathy and malabsorption, which is accompanied by effusive vague
and/or severe abdominal distress. Coincidentally, discontinuation of treatment normally
leads to a reasonably quick clearing of symptoms. Granting the fact that gastrointestinal side
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effects are not infrequent and have been observed in roughly one third of patients treated
with clofazimine, the severity is usually not substantial enough to evoke termination of the
treatment [15,100,108,113,114,118,123-125].

Fortunately, clofazimine is predominantly well-tolerated in children as observed from
paediatric leprosy treatment [15]. It is classified as Pregnancy Category C, though little
research has been conducted regarding its use to treat MDR-TB during pregnhancy and
limited data exist for later life teratogenicity. From data obtained from case reports, it was
found that only 5 MDR-TB pregnant patients received clofazimine as part of the treatment
regimen. All infants born were considered normal. Additionally, no significant adverse
reactions due to clofazimine as part of the leprosy treatment regimen during pregnancy have
been conveyed [92,113,114,126,127]. Clofazimine is furthermore safe to co-administer with
antiretroviral therapy [128] and no known significant drug-drug interactions have been
reported [92,126]. Thus, if insight into the physicochemical characteristics of clofazimine are
effectively employed to design novel drug delivery systems, the most serious adverse effects
of severe gastrointestinal reactions and accumulation of clofazimine in the gastro-intestinal
tract might be circumvented. For this reason, the topical administration route might be
deemed advantageous as gastrointestinal accumulation can be bypassed [129]. Moreover,
an alternative route of administration together with a unique clofazimine dosage form might

arm this repurposed drug with a more user-friendly profile.

5 An alternative means to deliver clofazimine more effectively

51 Considering topical delivery

As stated, oral delivery of clofazimine is not only variable, but also numerous systemic
adverse effects are associated with this route of drug distribution. Topical drug delivery,
alternatively, is defined as “the application of a drug onto the surface of the body to a
localised area, such as the nose, eyes, rectum, vagina or skin, in order to establish relief of a

condition localised at the area of application, without creating any systemic effect” [130,131].
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Over the past three decades the trend of drug delivery via the skin has been growing. It is
becoming a considerably more popular alternative administration route, especially when
aiming to side step complications accompanied when utilising oral drug delivery [129].
Through implementation of this route to treat various topical ailments, patient compliance is
increased, the risk of drug and food interactions is decreased, and hepatic metabolism is
circumvented amongst others [132,133]; rendering the dermal application route
conspicuously beneficial [134]. However, the skin is designed to fulfil a barrier function; and
subsequently permeation of various drugs, in concentrations that are of clinical relevance, is
limited [135,136]. The barrier function of the skin is linked to the lipophilic nature of the
outermost layer of the skin, namely the stratum corneum (SC) [136]. Therefore, the main
challenge when formulating a topical drug delivery system is to attain an optimum
concentration of the included drug at the site of action for a sufficient period of time
[130,137].

The skin can be described as a multi-layered organ [138]. Each layer fulfils its own role
towards protecting the body, maintaining hydration and allowing sufficient blood perfusion to
the skin [139-141]. The skin (Figure 2) consists of three layers, namely the epidermis,
dermis and hypodermis [142]. The epidermis is divided into two distinct fragments, i.e. the
SC and viable epidermis [139], where the SC forms the outermost layer of the epidermis and
is known as the lipophilic, protective layer of the skin that complicates drug delivery of a vast
range of substances [141]. This protecting function of the SC is enforced by its lipophilic
nature [139]. The SC consists of lifeless, anucleated cells (corneocytes linked by
corneodesmosomes) surrounded by a lipid matrix containing a mixture of cholesterol,
triglycerides, free fatty acids and ceramides [139]. Epidermis thickness varies according to

the cell layer thickness at the different skin regions of the body [140].

Figure 2: Simplified illustration of skin anatomy and drug penetration pathways (adapted

from [137,143])
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The dermis is known as the second skin layer and can be classified as the most
biochemically active layer of the skin [139]. It is responsible for body temperature regulation,
cutaneous sensation, skin elasticity, blood circulation in addition to skin nutrition, and the
removal of toxic substances [139,140]. Following the dermis, the third skin layer is
recognised as the hypodermis [140]. Subcutaneous fat is harboured within the hypodermis
[140,143]. Hence, it acts as a supportive membrane for both the dermis and epidermis
[140,144]. In order for a drug to be delivered through the skin and into the systemic
circulation, it must be able to move through the lipophilic SC and the underlying hydrophilic
layers (i.e. the viable epidermis and dermis). Therefore, a drug must have a profile of both
hydrophilic and lipophilic properties in order to facilitate successful transdermal drug delivery
[139,141].

Furthermore, three pathways for drug diffusion through the skin exists [143]. First, a drug
can enter the skin through the intracellular or transcellular pathway [142]. Highly hydrated
keratins are part of the corneocytes that are the main building blocks of the epidermis, and
therefore, hydrophilic drugs would predominantly pass through the skin via this pathway
[139]. Next, intercellular permeation may occur via diffusion of a compound through the lipid
matrix of the skin, as mostly observed for lipophilic drugs [139,142]. The third route, the
transappendageal pathway, is restricted as a mere 0.1% of the skin surface is occupied by
hair follicles and sweat glands that present an opportunity for modest transappendageal
permeation of drugs [139,142]. Here, an additional limiting step for permeation of hydrophilic
composites is the lipid-rich nature of the sebum that fills the sebaceous glands [145]. In turn,
however, delivery of lipophilic drugs may be more beneficial through this route [139]. Sweat,
on the other hand, provides a pathway for the delivery of hydrophilic drugs via the appengeal
pathway [142]; however, drug delivery in the presence of sweat is limited as diffusion must
occur against the diffusion gradient [145]. Hence, as stated previously, the physicochemical
properties of a drug are deemed highly important during the development of a drug delivery

system to enable topical and/or transdermal drug delivery [146].
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5.2 Clofazimine characteristics challenging the topical route

The physicochemical characteristics of clofazimine are portrayed in Table 1. It is stated
that molecules smaller than 500 Da, such as those of clofazimine, with a molecular weight of
473.40 Da [147], are capable of easy skin diffusion [146,148]. As skin is a non-homogenous
medium, smaller particles will display portray increased skin permeation [149]. Clofazimine
furthermore exhibits an exceptionally long half-life as mentioned [99], which is fortunate
since an extended half-life may require less frequent dosing. In turn this characteristic might
even reduce the adverse skin discoloration normally associated with oral absorption of

clofazimine [150].
Table 1: Physicochemical characteristics of clofazimine

Generally, the rate of diffusion through the skin will only occur at a rapid transfer rate if
the concentration of clofazimine, present on the skin surface, is saturated [151]. Moser et al.
[152] found that supersaturation on the skin can increase skin penetration and permeation of
lipophilic drugs. The diffusion and partition parameters assumed for lipophilic compounds
point to that supersaturation acts entirely by means of increased thermodynamic activity
without apparent effect on the barrier function of the skin. Hence, the clofazimine
concentration incorporated into formulations, as well as its solubility in these formulations will
significantly contribute toward improving the transfer rate of it through the skin [151].
Likewise, a melting point of less than 200°C is generally recommended to ensure adequate
solubility [153]. Clofazimine has a slightly higher melting point (210-212°C) than
recommended, and although this difference is only marginally higher, drug solubility might
thus possibly present some challenges [99,146]. The solubility parameter of a drug destined
for dermal delivery should be similar to that of the skin (approximately 10 cal/cm?®) [154]. An
aqueous solubility of more than 1 mg/ml is deemed most favourable for a drug that needs to
diffuse through the skin [146].

Clofazimine has a Log P value of 7.66, reflecting the highly lipophilic nature of this drug

[155,156]. This negatively affects skin permeation as the ideal Log P range, identified for
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topically delivered drugs, is between 1 and 3 [146]. The Log P value is the n-octanol-water
partition coefficient, which will reflect the partioning of a drug between the lipophilic SC and
the hydrophilic viable epidermis and dermis [157]. Due to clofazimine being highly lipophilic
and nearly insoluble in water, these properties will probably add to the expected formulation
challenges [99].

Another property to consider is the pH of the skin where the SC is able to tolerate a pH
range from 5-9 [146]. For this reason, the pH of a dermal formulation is an important factor
in order to avoid skin irritation [158]. Furthermore, the pH of a formulation will determine the
fraction of unionised drug molecules available at the skin surface [159]. Drug molecules
presented at the skin surface, in the ionised form, will cross the SC by utilising the
transappendageal route [160]. Conversely, unionised drug molecules will enter the skin via
the intercellular (lipid) route [161]. Pranitha and Lakshmi [162] demonstrated that the acidic
or basic properties of a drug can contribute towards which physicochemical properties are
deemed more important during topical or transdermal drug delivery. Weakly acidic drugs will
follow the order of molecular weight > Log P > solubility, whereas weakly basic drugs, such
as clofazimine, will favour the order of molecular weight > solubility > Log P.

As seen, although various challenges exist to effectively deliver a highly hydrophobic
compound such as clofazimine topically, it is achievable by means of utilising alternative
excipients as well as unconventional drug delivery systems. For example, the inclusion of
penetration enhancers such as natural oils, could be deemed useful for the purpose of
manipulating topical drug delivery [163]. Natural oils initiate reversible fluidisation and
rearrangement of the lipid matrix, harboured by the SC that facilitates penetration
enhancement of drugs. In addition, natural oils are frequently employed, during the
formulation of dermal drug delivery systems as stabilisers, solubility enhancers and
emulsifiers. Furthermore, the application of natural oils onto the skin is considered safe and

generally acceptable to the public [164,165].
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5.3 Auxiliary natural excipients to enhance topical clofazimine delivery

As stated by the WHO [166], approximately 80% of communities located in developing
countries utilise ethno therapy, including topical application of natural oils where skin
pathologies are problematic as a more affordable health care and cosmetic alternative.
Moreover, present-day research reveals the beneficial capacity of these substances ancient
compounds in the world of modern medicine. Insights obtained from current research
indicate that the topical application of natural oils is accompanied by mutually beneficial
mechanisms influenced by the individual natural oil composition together with the method of
extraction. These mechanisms include: enhanced skin barrier homeostasis, anti-oxidative
activity, anti-inflammatory action, anti-microbial properties, promotion of wound healing, and
anti-carcinogenic characteristics [165,167-171].

Unrefined plant based oils, cold-pressed or cold extracted, are not exposed to heat or
chemical processes during manufacturing. Therefore, the components of cold-pressed oils
remain unaltered to enrich the skin with improved nutritive properties [167,168,172,173].
Naturally occurring sediments of unrefined plant based oils, such as wax, can further provide
assistance as a hydrophobic residue to improve dermal occlusive effects. Occlusive effects
establish prevention of skin dehydration while in turn providing prolonged contact time with
the skin to improve drug delivery. Moreover, unrefined natural oils retain the highest nutrient
concentration together with unaltered fatty acids. Hence these oils present a decreased
tendency towards skin irritation [168,174].

The categorisation of natural oils is based on the method of extraction prior to becoming
commercially available [167]. First, plant based oils are either categorised as fixed oils (non-
volatile at room temperature) or essential oils (aromatic compounds volatile at room
temperature) [172]. Fixed oils can be sub-characterised as non-virgin-, virgin- or extra virgin
oils [168]. Non-virgin oils are indicative of a compromised oil composition as the oil was
refined by means of heat exposure together with chemical processes [167,168]. Virgin oils,

contrary, are cold pressed. These oils furthermore display a slightly more acidic nature
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compared to extra virgin oils. The waiting time span prior to oil extraction can similarly
influence the pH of the oil. Nonetheless, extra virgin oils remain entirely unrefined and are
cold pressed by slowly applying pressure to the entire seed or kernel under high pressurised
conditions without chemical addition or heat exposure [168,175]. The efficacy of virgin oils
compared to extra virgin oils for skin application purposes has however not yet been
established [168]. Considering the individual composition of each natural oil, different
saturated solubility concentrations of clofazimine could be expected within each selected oll
[176]. Therefore, skin penetration could also vary due to the uniqgue composition of each
selected plant oil when incorporated into a topical formulation [163].

Oils are mainly composed of glycerides obtained from a condensation reaction between
fatty acids and glycerol. Each plant-derived oil possesses a unigue composition and
provides versatile dermal effects accordingly. The potential dermal benefits accompanied by
plant oil application are reflective of the physiological responses due to interactions between
the bioactive compounds contained in natural oils and the pathophysiological skin context
[163,167,168]. Bioactive compounds present in plant based oils include: triglycerides,
essential fatty acids, phospholipids, unsaponifiables, phenolic compounds, triterpenes,
tocopherols, carotenoids and flavonoids [177-182]. Considering topical drug delivery, one
realises that phospholipids are additionally well-known permeability enhancers [167].
Likewise, it has been proven that various fatty acids present in plant based oils contribute
towards increased skin penetration required to improve delivery of topically applied drugs
[163,167,168,183-185]. It is their unsaponifiable fractions (such as fatty acids, e.g. oleic
acid) that are thought to contribute to their penetration enhancing activities [163]. Fatty acids
are classified as being saturated or unsaturated due to the saturation of the carbon
backbone with hydrogen [183,186]. Moreover, the character of a free fatty acid is influenced

by the carbon backbone as it may vary from 2—22 carbons, as indicated in Figure 3.

Figure 3: Simplified general chemical structure of a fatty acid (adapted from [186])
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Free fatty acids are released when natural oils are metabolised within the skin [163].
Research indicates that certain fatty acids are of profound significance during dermal drug
delivery. The fatty acids present in plant based oils can either disrupt the lipid formation of
the SC and create an entrance for drugs to be delivered into the skin; or the essential fatty
acid can contribute towards the barrier repair function of the skin. The essential fatty acid
most notorious for skin penetration enhancement by means of disrupting the lipid
arrangement of the SC, is oleic acid. Contrary, linoleic acid rather repairs the barrier function
of the skin as it is known as an integral component in restoring the lamellar phase of the lipid
matrix harboured by the SC [163,167,168,183,187-189]. Vaughn et al. [168] observed that
either oleic acid or linoleic acid is generally present in a predominant concentration in
individual plant based oils. However, no ratio of oleic acid to linoleic acid has yet been
standardised as more or less favourable in terms of dermal drug delivery [168,184]. This
review focussed in more detail on the following selected plant based oils that can be utilised
in various drug delivery systems: argan-, avocado-, coconut-, macadamia- and olive oil. The

fatty acid composition of these plant based oils are displayed in Table 2.

Table 2: Fatty acid composition of selected plant based oils [184,185,190]

5.3.1 Argan oil

The first available literature found on argan oil referred to the argan tree as the “tree of
life” [191]. Argan oil is traditionally obtained by crushing the fruit kernels harvested from
Argania spinosa trees [192]. The argan tree is indigenous to the southwestern region of
Morocco and possesses a lifespan of up to 200 years [191,193]. Argan oil is utilised for both
edible and cosmetic purposes [194] where, when employed for cosmetic purposes, it is
procured by grinding unroasted argan fruit kernels. Edible argan oil, alternatively, is prepared
by moderately roasting argan fruit kernels prior to grinding [194,195]. In traditional Moroccan
medicine argan oil has been reserved for various dermal application purposes (i.e. dry skin,
acne, anti-aging, dermal inflammation, psoriasis and eczema) and it is also utilised to

prevent dry hair as well as hair loss [194,196,197].
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The most abundant unsaturated fatty acid (UFA) components of argan oil are oleic acid
(i.e. 45.90 + 1.84) and linoleic acid (i.e. 34.10% =+ 1.08) [185,191] as seen in Table 2.
Interestingly, from all of the selected plant based oils consisting predominately of UFAs, that
are discussed here, argan oil presents the smallest difference in concentration between oleic
acid and linoleic acid. Theoretically, argan oil should thus provide excellent skin barrier
repair effects when compared to avocado-, coconut-, macadamia- and olive oil as it has the
highest linoleic acid concentration of these plant based oils [167]. Skin barrier repair effects
are of significant interest if considered that cutaneous tuberculosis can progress to open
lesions [31,63]. Argan oil will probably aid in repairing the skin barrier while solubilising a
drug destined for dermal drug delivery [31,167]. Although the oleic acid concentration
present in this oil is the lowest comparatively [185], it may still be present in sufficient
concentrations to facilitate delivery of the lipophilic drug into the dermis of the skin as studies
reported successful dermal drug delivery utilising argan oil [196,198,199].

The saturated analogue of oleic acid, namely stearic acid, is also present in argan oil in a
concentration of 6.00% % 0.05 [185,200]. This is ranked the highest concentration of stearic
acid present in the selected plant based oils. Stearic acid has a melting point of 69.3°C
[201]. Therefore, it will most probably remain undissolved during dermal application as the
skin surface has an approximate temperature of 32°C [202]. Hence, the effects established
by stearic acid during dermal drug delivery can be facilitated by the emollient properties of
this fatty acid [203]. Gore et al. [203] conducted a study on the influence of emollients (i.e.
stearic acid and isohexadecane) on the spreadability as well as the film formation achieved
by emulsion application. They concluded that stearic acid might mimic the same behaviour
as wax on the skin surface by forming a residual film after break down of the emulsion. Thus,
occlusion is improved and in turn dermal drug delivery is enhanced through this film

formation property [168].
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53.2 Avocado oil

Avocado oil is extracted from the pulp of Persia Americana fruit [167]. This oil is deemed
useful for enriching skin that suffer from dryness, damage and cracks [204]. Stimulation of
collagen synthesis when avocado oil is applied to skin, has also been described [205].
Moreover, avocado oil has displayed a reduction in inflammation during wound healing in rat
models [206]. It is furthermore a rich source of minerals, vitamins A, C, D as well as E, -
sitosterol, B-carotene, and lecithin [167,207].

In terms of fatty acid composition, avocado oil has the highest palmitic acid content
(Table 2). Kim et al. [200] and Kumar et al. [208] deemed palmitic acid a significantly useful
penetration enhancer. Kim et al. [200] additionally stated that palmitic acid displayed the
most potent skin penetration effect of the tested saturated fatty acids (SFAs). Kumar et al.
[208], on the other hand, reported that palmitic acid did increase drug permeation through
the skin, but maximum penetration enhancement was facilitated by the unsaturated oleic
acid. Of the fatty acids contained within avocado oil, oleic acid occurs in the highest
concentration (59.46% + 3.88) followed by linoleic acid with a concentration of only
14.66% = 1.20 [184]. Moreover, avocado oil has the second highest oleic acid content of the
selected plant based oils and an approximately similar linoleic acid profile compared to olive

oil.

533 Coconut oil

Coconut oil is extracted from the fruit and fresh juice of Cocos nucifera [209]. Southeast
Asian countries employ coconut oil for its anti-inflammatory; wound healing and anti-pyretic
properties [210]. Interestingly, virgin coconut oil is extracted by wet processing in order to
avoid degradation of biologically active ingredients, including vitamins and polyphenols
[209,211]. A vast composition of anti-oxidative components is present in coconut oil. These
include tocopherols and fatty acids such as palmitic-, stearic-, lauric- and myristic acid [209].
Increased levels of lauric acid are present in coconut oil, i.e. 66.94% * 4.11 [184] from which

monolaurin can be derived [167]. Monolaurin is categorised as a monoglyceride and
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demonstrates significant antimicrobial activity by means of lipid disintegration of lipid-coated
bacteria, namely Staphylococcus aureus, Staphylococcus epidermidis and
Propionibacterium acnes [167,168,212,213]. The open lesions that occur during CTB
infection presents an opportunity for development of secondary bacterial infections [31],
including the aforementioned bacteria. Hence, the inclusion of coconut oil in a topical
formulation can possibly decrease the vulnerability of CTB patients exposed to secondary
bacterial infections. Lauric acid additionally renders increased drug permeation through the
skin [214] and this capability of lauric acid to cross the SC is facilitated by the formation of
complexes between lauric acid and fatty acids naturally present within the skin [215]. The
affinity of lauric acid for skin can be linked to its solubility parameter and excellent
partitioning coefficient [214].

Myristic acid is a key SFA component of coconut oil [167]. Cotte et al. [216] found that
myristic acid migrates into the dermis whereas palmitic acid was only detectable in the viable
epidermis. The most noted distinction between myristic acid and the saturated palmitic acid
is the difference in carbon backbone length. Myristic acid has a total of 14 carbons in its
carbon backbone, whereas the structure of palmitic acid is composed of 16 carbons
[184,200,216]. Remarkably, SFAs with shorter carbon backbones have furthermore
demonstrated deeper skin penetration [200,216]. Comparatively in this review, coconut oil
comprises the highest levels of SFAs [184] which may therefore enhance skin penetration.
The semi-solid state of coconut oil at room temperature (x 25°C) may in addition be

explained by its high SFAs concentration [168].

534 Macadamia oil

Macadamia oil is produced through cold pressing of the raw nuts of Macadamia
integriolia, which flourishes in tropical countries, and Macadamia tetraphilla, grown in areas
with subtropical temperatures [217]. Vitamin E is included in this oil in concentrations of
55 ug/g [218]. The fatty acid composition of macadamia oil is quite peculiar when compared

to other plant based oils. The ratio of UFAs to SFAs are 5.86:1, which is the highest relative
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ratio between UFAs and SFAs. For nutritional purposes the higher the UFAs to SFAs ratio is,
the higher the nutritional value of the oil [184]. Similarly, for topical drug delivery purposes,
this high value indicates a vast number of fatty acids available to probably enhance skin
permeation.

The palmitic acid profile of macadamia oil is approximately similar to that of coconut oil
[184]. Desaturation of palmitic acid delivers palmitoleic acid [219]. Intriguingly, macadamia
oil displays the highest palmitoleic acid concentration [184]. Kim et al. [200] discovered
palmitoleic acid as the second best unsaturated penetration enhancer during transdermal
delivery of diclofenac. Additionally, macadamia oil is composed of the highest concentration
linolenic acid, a well-known unsaturated penetration enhancer [184,220]. Fox et al. [172]
stated that the enhanced permeation can be linked to the unsaturated fraction of the fatty
acid. Unfortunately, one must bear in mind that an allergic reaction to tree nuts, including
macadamia nuts, is a lifelong condition and is hallmarked as the leading cause of

anaphylactic shock triggered by food [221].

535 Olive oil

Olives are harvested from Olea europaea trees [167]. These trees were native to the
Mediterranean region, but over the past two decades olive tree plantations have been
planted world-wide [222]. Lin et al. [167] emphasised that more than 200 chemical
compounds have been detected in olive oil. For the purpose of dermal drug delivery, olive oil
with its high oleic acid content of 72.79 + 0.21%, is an old favourite [167,168]. Viljoen et al.
[163] concluded that olive oil is a powerful transdermal drug enhancer; and more specifically
oleic acid has been proven an unbeaten skin penetration enhancer in numerous studies
[163,168,200,223-226]. This fatty acid is incorporated into the lipids of the SC upon contact
with the skin. Subsequently, oleic acid causes disruption of the lipid arrangement and

provide hydration changes in the skin that leads to improved skin permeability [163,188].
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6 The prospect of self-emulsifying drug delivery systems enhancing

topical delivery of clofazimine

6.1 Lipid based carrier systems ideal for lipophilic drugs

It is estimated that approximately 30% of currently marketed drugs (including clofazimine)
as well as up to 50% of newly discovered drugs are of a highly hydrophobic nature
[158,159,227,228]. Due to this difficulty, lipid based carrier systems are yet again receiving
special attention in the pharmaceutical industry to provide solutions needed to improve
delivery of established drugs instead of developing new drug entities. These systems are a
useful platform to improve the delivery of drugs displaying poor aqueous solubility
[229,230,232]. They provide an alternative approach by incorporating lipophilic drugs into
inert lipid vehicles in order to render repeatable drug concentration profiles [228,233]. Lipid
carrier systems include: oils, surfactant dispersions, emulsions, nanoemulsions, liposomes,
solid lipid carrier systems, nanostructured lipid carrier systems, and self-emulsifying drug
delivery systems (SEDDSSs) [228,233,234]. Lipid carrier systems can facilitate targeted drug
delivery, implicating improved therapeutic effects and decreased side effects, which are of
significance during, for example, anti-tubercular treatment as well as individualised therapy

[234].

6.2 Why self-emulsifying drug delivery systems (SEDDSs) are considered
more appropriate than other lipid based carrier systems

Liposomes, emulsions and nanoemulsions are frequently employed as drug delivery
systems; and these lipid based dosage forms are becoming increasingly more popular to
specifically facilitate topical and transdermal drug delivery [234—237]. Liposomes are
spherical, bilayered structures of 100-200 nm in diameter. They are generally manufactured
from phospholipids that are able to encapsulate a range of diverse drugs, either in their
aqueous central or within the lipid bilayer. Their size, number of bilayers and other
components included, provide their distinct characteristics. For example, inclusion of a

surfactant forms transferosomes that are able to cross the SC; or the inclusion of ethanol
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produces more flexible liposomes, termed ethosomes. Liposomes were originally developed
for parenteral administration of anticancer and antifungal agents; they are not as widely
utilised for topical or transdermal drug delivery and are mainly included in cosmetics and
long-acting sunscreen formulations, although their membrane structure is similar to that of
natural membranes found in skin. Liposomes are expected to rather remain at the surface of
the skin where they fuse with the skin lipids and slowly release their entrapped content for
prolonged drug release [235,238—-240].

Conversely, emulsions are heterogeneous, thermolabile biphasic liquids consisting of two
or more immiscible fluids, which are made miscible through the addition of surfactants or
emulsifying agents. They can be further categorised into micro- and nano-emulsions, as well
as SEDDSs, depending on the formulation strategies used to prepare them. Conventional
emulsions are however sensitive and metastable, which causes difficulty in effective drug
delivery [238,241]. Microemulsions are actually not emulsions. They are thermodynamically
stable, single-phase systems that form spontaneously once the correct oil to water ratios are
achieved and they have a number of different microstructures depending on the nature and
concentrations of the components. Then again, nanoemulsions are quite novel
thermodynamically unstable dispersions that contain individual small droplets with a mean
diameter of less than 200 nm. These dispersions are however considered relatively
physically stable as well as possessing reasonably high kinetic stability as the droplets do
not collide as frequently as in ordinary emulsions. Their small droplet size furthermore allows
for deep penetration into tissues even through fine capillaries. Positively charged (cationic)
nanoemulsions have shown to increase skin permeation of poorly soluble drugs due to their
interaction with the negatively charged skin epithelia cells. The main advantages of
nanoemulsions include increased drug loading, enhanced drug solubility and bioavailability,
reduced patient variability, controlled drug release, and protection from enzymatic
degradation [234,236,238].

SEDDSs were originally developed from emulsions in order to generate a more physically
stable formulation that is easier to manufacture and that was able to facilitate oral drug
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delivery of cyclosporine [234,241,242]. Although SEDDSs is not a novel concept and have
been utilised in numerous commercial pharmaceutical products destined for oral use,
research has lately turned its attention to focussing on more diverse pathways to administer
SEDDSs such as the ocular-, vaginal- and sublingual routes [243—246]. However, limited
studies concerning the application of SEDDSs on skin in order to aid in dermal pathologies
have been published [247,248]. SEDDSs are defined as isotropic and thermodynamically
stable solutions containing an oil, surfactant, co-surfactant and drug that spontaneously
transform into oil-in-water emulsions upon the addition of aqueous media, under gentle
agitation [249]. As the main component of SEDDSs, the incorporated drug should be of a
lipophilic nature [250]. The lipophilic drug is solubilised in the oily concentrate and then
introduced into the aqueous media where mild agitation occurs [233, 241,242,251].
Interestingly, some studies demonstrated that SEDDSs formulations with lower drug
solubility displayed higher oral bioavailability when compared to SEDDSs displaying a higher
solubility characteristic [252]. Nonetheless, for the purpose of developing for example,
SEDDSs for topical drug delivery of clofazimine, the incorporated clofazimine concentration
should not be less than the saturated concentration in order to avoid a decreased
clofazimine flux through the skin [253]. Moreover, an improved rate of clofazimine transfer
will only be observed if the clofazimine concentration, obtainable at the skin surface, is
continuously presented at a concentration nearing saturation [253].

SEDDSs can be formulated in either the nano- or micro droplet size range [254], where
nano droplet formation may transpire in the presence of surface active agents that cause
spontaneous emulsification of finely dispersed droplets [250,255]. These finely dispersed
droplets are evoked from the intrinsic physicochemical properties of the constituents to form
nano sized droplets. Moreover, these droplets are stabilised by the ratio of oil to surfactant
[256]. Thakare et al. [257], however, declared that high surfactant concentrations can cause
tissue irritation. Thus, spontaneous emulsification should be able to occur with decreased

surfactant concentrations without reducing the stability of the formulations [258].
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Table 3 portrays the differences between liposomes, nanoemulsions and SEDDSs in order
to demonstrate the topical drug delivery possibilities SEDDSs have to offer. It is clear that the
structure of SEDDSs and nanoemulsions are closer in similarity compared to the structure of
liposomes. Liposomes are utilised as spherical vesicles that provide the opportunity to
incorporate both hydrophilic and lipophilic drugs due to the bilayer formation [259]. Therefore,
liposomes are frequently commercially employed to aid in cancer, viral infections,
management of pain, photodynamic therapy and fungal infections, though as stated, they are
considered less ideal for rapid transdermal drug delivery [234,235,238-240]. Contrary,
nanoemulsions portray clear oil-in-water, or water-in-oil dispersions as observed from the
arrangement of polar and non-polar structures of surface active agents, whereas SEDDSs
normally form clear oil-in-water dispersions [260]. As evident from the structures of
nanoemulsions and SEDDSs, notably increased concentrations of surface active agents are
present in SEDDSs, rendering these systems more stable than nanoemulsions [237,261].
These systems furthermore differ significantly in their methods of preparation [234,237]. The
water titration method employed during the formulation of liquid SEDDSs is considerably
easier to master than the methods utilised to produce either liposomes or nanoemulsions.
Moreover, upscaling the production process of SEDDS formulations is established with ease
[234,262]. As conveyed earlier, individualised therapy still provides the most attractive solution
to aid in TB, and more specifically CTB, treatment [9,10]. Therefore, the ease with which
SEDDSs are manufactured may probably provide an easy to produce dosage form suitable

for individualised therapy.

Table 3: A summary of the most notable differences between liposomes, nanoemulsions

and SEDDSs

As stated, to be able to formulate SEDDSSs, surfactants are an indispensable inclusion
criteria to stabilise these types of formulations. Surfactants included in SEDDSs are mostly
non-ionic as they display decreased toxicity profiles, improved agreement with biological

systems, and these surfactants are less affected by changes in pH as well as ionic strength
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[250,251,255]. What is more, non-ionic surfactants are predominantly utilised during the
formulation of topical products as they are known to cause less skin irritation than ionic
surfactants [263]. Surfactants can further additionally act as penetration enhancers and
improve dermal drug delivery due to their ability to solubilise lipid membranes such as the
SC if chosen correctly [264]. During surfactant selection, enhanced emulsification properties
are deemed more important than improved drug solubilisation [255]. The efficacy of a
surfactant to establish emulsification is displayed by the hydrophilic-lipophilic balance (HLB)
value of the said compound. Literature states that a HLB value of 212 is deemed adequate.
Therefore, surfactants such as Tween®80 (HLB value of 15), Labrasol® (HLB value of 14)
and PEG 400 monolaurate (13.1), are regularly used to formulate SEDDSs
[228,238,250,255]. Sometimes co-surfactants are also deemed necessary as they improve
the flexibility of the interfacial film established by the surfactant, rendering it an even more
stable formulation [250,252,255]. The addition of a co-surfactant can facilitate more finely
dispersed droplets throughout SEDDS formulations [250]. Hence, the concentration range of
the emulsion is improved and solubility of the drug in the SEDDS is additionally enhanced
[228].

To summarise, the potential advantages of SEDDSs to nhame a few, are: 100% drug
entrapment capacity; formation of physically more stable formulations, especially when
compared to liposomes and emulsions; no dissolution phase is compulsory; formation of
submicron droplet sizes is possible, consequently increasing the absorption surface area as
well as SEDDSs display increased rates and extent in absorption, and thus increased
bioavailability. SEDDSs are able to distribute BCS Class Il drugs efficiently. They similarly
have potential for effective delivery of BCS class Ill, BCS class IV and hydrolytically
susceptible drugs. SEDDSs furthermore offer consistent progressive profiles with reduced
dosing and dosing frequencies. They are easy to manufacture and scale-up; and these
dosage form systems are able to direct drug distribution into the lymphatic system
[234,252,264,265]. Due to lymphatic absorption of SEDDSs through lymphatic vessels found
in the dermis, drug delivery may further proved enhanced [266,267]. Lymphatic absorption of
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clofazimine can provide an advantageous future treatment angle as lymphadenitis is
considered the most commonly observed manifestation of EPTB in both adults and children
[57]. The selected lipid component is extremely important when aiming to achieve lymphatic
absorption through the dermis as it was concluded that the utilised oil must be able to
solubilise a minimum of 50 mg/ml drug to obtain lymphatic uptake after oral administration.
Furthermore, oils containing long chain triglycerides demonstrated increased lymphatic
uptake; and the quantity of included oil was established to significantly contribute towards
successful lymphatic uptake [252,265,268]. Sun et al. [268] established that a concentration
of 225% oil content provides sufficient lymphatic absorption. Unfortunately, lipids that are
highly unsaturated are easily oxidised, and subsequently, the addition of anti-oxidative
agents must not be overlooked [265].

Not only is the use of SEDDS enabling the development of alternative drug administration
routes, these systems are also being modified to advance muco-adhesion in order to extend
contact time at the site of application [269—-271]. Moreover, SEDDSs are being reformed to
possess zeta-potential changing properties to improve drug delivery across mucus
membranes [272]. Menzel and Bernkop-Schnirch [273], for example, published a study
describing the success of combining mucolytic enzyme decorated carrier systems with
SEDDSs in order to enable local cleavability to mucus membranes, followed by increased
drug permeation. Therefore, SEDDSs are able to provide distinct possibilities in enhancing
drug delivery [234,250].

The advantages promised by the development of a topical SEDDSs to aid in CTB
treatment, is of great value as a reduced drug dose is acquired to establish similar drug
absorption as with oral drug delivery [225,257]. Due to the deadly nature of TB, high fixed
doses of anti-tubercular drugs are normally recommended as inter-individual variability can
lead to sub-therapeutic drug concentrations. Therefore, utilising SEDDSs for dermal
clofazimine administration, the use of decreased drug concentrations in these formulations
can be considered due to the prolonged elimination half life of clofazimine of approximately
70 days [99]. This will not only provide consistent drug delivery profiles, which will
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additionally minimise the risk of Mtb growth and the development of drug resistance [274], it
may also possibly reduce the red skin discoloration or even enhance the disappearance of it
as this discoloration is dose dependent [91,225,257]. Improved drug loading capacity,
displayed during the development of SEDDSSs, can further support anti-tubercular treatment
by either including higher concentrations of clofazimine if deemed essential, or investigation
into the incorporation of fixed-dose drug combinations may prove worthwhile [275,276].
Bhandari et al. [275] established successful incorporation of both artemether and
lumefantrine in a solid SEDDS double fixed dosage form to assist in the treatment of
malaria. Furthermore, a suggested method to delay the development of anti-microbial
resistance is the co-administration of two synergistic drugs [277]. For this reason,
clofazimine and pyrazinamide, for example, could be incorporated into a SEDDS formulation

as a synergistic mechanism between the two drugs has already been established [91,118].

7. Summary

In order enhance treatment of CTB, this altered approach towards drug delivery may provide
new means of improving anti-tubercular treatment. Clofazimine is a highly lipophilic drug
which presents formulation challenges. However, SEDDSs create a new dimension for the
delivery of drugs with poor aqueous solubility. The selected lipid vehicles employed during
the formulation of SEDDSs is crucial as it can improve drug solubility, enhance drug loading
capacity, facilitate possible lymphatic uptake of clofazimine and decrease the incorporated
drug dosage.

Moreover, topical SEDDS administration provides the promise of localised CTB treatment,
thus, excluding the possibility of interactions between clofazimine and first-line anti-
tubercular agents present in the systemic circulation. Plant based oils, incorporated as the
lipid phase during the formulation of SEDDSSs, can act as penetration enhancers in order to
improve clofazimine delivery into the skin. Additionally, plant based oils can enhance barrier
repair of the skin, and in so doing, assist in healing CTB lesions. Some natural oils such as

coconut oil contains lauric acid that demonstrates antimicrobial activity against certain
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organisms, thus, providing substantial protection against secondary infection of CTB lesions.
The optimum potential of lipid-based drug delivery systems must still be reached. This
review presents possible approaches towards broadening the horizon of both lipid carrier

system applications and assisting in treatment of TB.
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Table 1:

Physicochemical characteristics of clofazimine [99,147,158]

Physicochemical characteristic

Chemical formula

Molecular weight

Chemical structure

Melting point
Appearance
Aqueous solubility

Log P

(octanol-water partition coefficient)
Detection on spectrophotometer
Elimination half life

pKavalue

Solubility

C27H22Cl2N4

473.40 Dy

i H"J\
©:H I;‘[//H@
H
210-212°C

Reddish-brown, fine powder.

Practically insoluble in water.
7.66

254 nm
70 days
8.51

Soluble in methylene chloride, very slightly

soluble in ethanol (96%).
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Table 2:
Fatty acid composition of selected plant based oils [184,185,190]

Fatty acid (% + SD) Argan oil Avocado oil Coconut oil Macadamia oil Olive oil
Lauric acid Not detected Not detected 66.94 + 4.11 Not detected Not detected
Myristic acid 0.12+0.01 0.01 + 0.008 18.81 + 0.98 0.91 +0.17 Not detected
Palmitic acid 11.80 £ 0.53 14.21 +1.02 6.54+1.20 6.84 + 1.87 0.73+£0.05
Palmitoleic acid 0.18 + 0.02 7.06 £0.79 Not detected 9.68 + 0.90 2.04 £0.03
Stearic acid 6.00 + 0.05 2.15+0.07 2.01+0.12 3.39+0.96 2.83+0.01
Oleic acid 4590+ 1.84 59.46 + 3.88 475+0.1 50.65 + 8.05 72.79+£0.21
Linoleic acid 34.10 + 1.08 14.66 + 1.20 0.82 +0.32 8.63+1.77 13.20 + 0.03
Linolenic acid 0.13+0.01 1.3+0.15 Not detected 1459+ 1.20 0.92 + 0.06
SFAs 17.58 £ 0.63 16.93+1.09 94.40 + 5.08 14.56 + 2.38 11.60 + 0.33
MUFAs 46.08 £ 1.82 67.11+1.77 4.78 +0.17 62.22 +9.19 73.52 +0.21
PUFAs 33.63+ 1.25 15.96 + 1.15 0.082 £ 0.32 23.22 +1.62 14.13+0.10
UFA/SFA 3.85 4.90 0.059 5.86 4.97
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Table 3:
A summary of the most notable differences between liposomes, nanoemulsions and SEDDSs

[222,234,250,254, 257,259,261,279,280]

Liposomes Nanoemulsions SEDDSs
(‘ /s N % f’
{ \ . f
! |
o | {
E s f g ﬁ%
= | / i%f Jo
= Sy -
n T
©
N 0.025-2.5um 20-200 nm Nano or micro range
)
2
o Natural or synthetic phospholipids  * Natural or synthetic oil phase ¢ Natural or synthetic oil phase
>
2 Sometimes cholesterol or other e Surfactant and co-surfactant ¢ Surfactant and co-surfactant
@ sterols e Water phase o Water phase
o
O
n o High-pressure valve
B homogenisation o Water titration method
2 . e -
= The Bangham method . Mlcroflwq_lsat_lon (Imw_d _S_EDI;)SS) . .
L ¢ Ultrasonification Solidification techniques:
S Ethanol/ether injection ) : .
c . e Phase inversion temperature e Spray-drying
o Sonication . . .
= Reverse phase evaporation (PIT) ¢ Adsorption to solid carriers
S ¢ Phase inversion composition e Melt granulation
3 (PIC) e Melt extrusion
a e Solvent diffusion
i . e Decreased dosage of drug
_Increased efficacy and therapeutic Substitute for liposomes needed
index . . . .
. ¢ Non-toxic and decreased tissue e Increased drug loading capacity
Enhanced stability by S .
) irritation e Manufacture and upscale with
encapsulation . .
. e Enhanced physical stability ease
Decrease toxicity of encapsulated . . .
» d ¢ Increased absorption e Consistent drug absorption
s o Various formulation possibilities profiles
. . [ ]
8 Effect of site avoidance " e Enhanced solubility gf lipophilic ~® Lymphatic uptake
= Decreased exposure of sensitive d Enh lubility of livoohili
> tissue to irritating drugs rugs ¢ Enhances solubiiity of ipophilic
ke] drugs
<
Decreased solubility e High surfactant concentrations . .
. y e High surfactant concentrations
Short half-life to ensure stability of : L
L . . : can cause tissue irritation
Oxidation and hydrolysis reactions formulations . )
n L G e Poor stability without surface
c of phospholipids e Stability is influenced by active agent
2 Fusion and leakage of drugs changes in temperature and pH
= Lo ¢ Development challenges of
= encapsulated ¢ Ostwald ripening effect can o
) ' o validation methods
S Increased production cost lead to instability
-
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Figure captions

Figure 1. Classification systems of CTB (adapted from [63,82])

Figure 2: Simplified illustration of skin anatomy and drug penetration pathways (adapted from
[137,143)])

Figure 3: Simplified chemical structure of | fatty acid (adapted from [186])
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[137,143])

87



Saturated or
Unsaturated
Alkyl group

H»

Ho

C

H,C—C

Methyl group Carbon chain

Omega end Varies from

2-22 carbons

Lipid component of fatty acid

Lipophilic

O
H
C2 /<
OH

Carboxyl group

Acidic component of fatty acid
Hydrophilic

Figure 3: Simplified chemical structure of a fatty acid (adapted from [186])

88



Chapter 3

Manuscript submitted to AAPS PharmSciTech Journal

Chapter 3 is presented in article format according to the Author Guidelines of AAPS

PharmSciTech Journal, as provided by Annexure H.

89



Development of a
Self-emulsifying Drug Delivery System
for Optimised Topical Delivery

of Clofazimine

Daniélle van Staden, Jeanetta du Plessis, Joe Viljoen®

Faculty of Health Sciences, Department of Pharmaceutics, Centre of Excellence for
Pharmaceutical Sciences (Pharmacen), Building G16, North-West University, 11

Hoffman Street, Potchefstroom, 2520, South Africa

E-mail addresses:

dvanstaden7ll@gmail.com (D van Staden), Jeanetta.DuPlessis@nwu.ac.za (J du

Plessis), Joe.Viljoen@nwu.ac.za (JM Viljoen)

Corresponding Author:
Joe Viljoen

Joe.Viljoen@nwu.ac.za

Faculty of Health Sciences, Department of Pharmaceutics, Centre of Excellence for
Pharmaceutical Sciences (Pharmacen), Building G16, Room 122, North-West University,
11 Hoffman Street, Potchefstroom, 2520, South Africa

Tel: +27 18 299 2273

Fax: +27 18 299 2248

90


mailto:dvanstaden711@gmail.com
mailto:Jeanetta.DuPlessis@nwu.ac.za
mailto:Joe.Viljoen@nwu.ac.za
mailto:Joe.Viljoen@nwu.ac.za

Abstract

A quality-by-design and characterisation approach was followed to ensure development of a self-
emulsifying drug delivery system (SEDDS) destined for optimised topical delivery of the highly
lipophilic clofazimine. Solubility and water titration experiments were employed to identify the
spontaneous emulsification capacity of divergent excipients and clofazimine utilised in
combination. After identifying self-emulsification regions, check-point formulations were selected
within a specific area of the region of self-emulsification by considering characteristics required
to achieve optimised topical drug delivery. Next, check-point formulations that did not exhibit
phase separation at an ambient temperature after 24 h, were subjected to characterisation
experiments. These experiments involved evaluation of droplet size; size distribution; zeta-
potential; robustness towards dilution; efficacy of self-emulsification; self-emulsification time;
viscosity and pH measurement; cloud point assessment; and thermodynamic stability studies.
Characterisation profiles were studied to identify SEDDSs with favourable properties since criteria
must still be established for SEDDSs intended for topical drug delivery. Dermal diffusion studies
displayed successful in vitro topical clofazimine delivery. Remarkably, the olive oil SEDDS
facilitated the highest topical delivery of clofazimine probably due to the increased oleic acid
content of olive oil that induced increased stratum corneum (SC) lipid disruption followed by
enhanced dermal clofazimine delivery. Finally, isothermal microcalometric studies were
conducted to confirm compatibility of excipients. Potential interactions were depicted between
argan oil and clofazimine as well as between Span®60 and argan-, macadamia- and olive oil,
respectively. However, despite some incompatibilities between certain excipients, topical

SEDDSs that achieved enhanced topical clofazimine delivery were successfully developed.

Keywords: Clofazimine, penetration enhancers, self-emulsifying drug delivery system (SEDDS),

topical delivery
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INTRODUCTION

Resistance against anti-tubercular (A-TB) treatment regimens are considered a global health
threat of the modern-age (1). An estimated 500 000 individuals are newly infected with multi-drug
resistant tuberculosis (MDR-TB) each year (2). Additional to increased incidence of MDR-TB, rare
extra-pulmonary manifestations of tuberculosis (TB), such as cutaneous tuberculosis (CTB), are
escalating due to A-TB drug resistance (3). A-TB treatment is notably protracted as well as costly
(1). Moreover, presently no topical treatment is available to aid CTB treatment (3). Therefore,
CTB patients are subjected to general A-TB regimens (4). A-TB treatment regimens rely on drugs
with both reasonable and serious adverse effect profiles (1). However, the development of a
topically administered dosage form that assists in CTB therapy, can eliminate gastro-intestinal
adverse effects by circumventing liver metabolism (5). Moreover, topical A-TB drug delivery will
enable treatment at the affected site without interference with oral A-TB management since most

patients infected with CTB also suffer from pulmonary TB disease (4,6).

Clofazimine is currently listed by the World Health Organisation (WHO) as a group 5 drug to for
treatment of MDR-TB (7). This riminophenazine antibiotic agent is furthermore administered as
part of the triple regimen employed during treatment of multibacillary leprosy (7). Increased
lipophilicity as well as the redox potential of clofazimine establish anti-microbial effectiveness by
means of oxidation of reduced clofazimine followed by formation of reactive oxygen species (8).
Additionally, possible synergism between clofazimine and A-TB drugs including capreomycin and
moxifloxacin have been reported (8). The focus of A-TB research has shifted towards repurposing
known drug entities, with relatively safe adverse effect profiles to form part of new A-TB regimens
for the resolution of decreasing treatment time and improving efficacy against TB disease (9).
Clofazimine is a favourable candidate as this drug has exhibited in vivo as well as in vitro efficacy
against strains of MDR-TB with limited toxicity (10,11). However, the physicochemical properties
of clofazimine, that has an aqueous solubility of 10 mg/l and Log P value of 7.66, are not
particularly suitable for dermal drug delivery (3,12). Nonetheless, development of an efficacious

topical drug delivery system could potentially enable optimised topical delivery of clofazimine.

The concept of self-emulsifying drug delivery systems (SEDDSs) was pioneered during the 1960s
when components of poor aqueous solubility were incorporated into mixtures of lipophilic and
hydrophilic excipients to achieve enhanced solubility of lipophilic substances (13). However,
Pouton (13) suggested the first concrete solution towards improved lipophilic drug delivery by
utilising SEDDSs in 1985. Despite several decades devoted to development of SEDDS for various
routes of administration, namely: oral-, rectal-, vaginal-, ocular- and nasal administration, the
dermal route has remained relatively untouched compared to other routes of administration (14-
20). The formidable barrier provided by the outermost skin layer can possibly be conquered by
SEDDSs as these isotropic, thermodynamically stable mixtures, comprising oil, water and surface

active agents, have the potential capacity to facilitate entry of drugs into underlying skin layers
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(21,22). Alteration of stratum corneum (SC) lipid arrangement can be achieved by natural oils,
included as the oil phase of topical SEDDSs (23-26). Additionally, natural oils can assist in
solubilising the highly lipophilic clofazimine as only solubilised drug particles can partition into the
SC (27,28). The inclusion of surface active agents can maintain formulation stability while
facilitating increased disruption of SC lipids (26). Finally, water is the most established and safest
skin penetration enhancer due to lipid disruption being achieved by skin hydration that loosens
the strict lipid structure of the SC (28). Though various choices of vehicles are available to
investigate topical delivery of clofazimine, this research is aimed at exploring potential
development of a topical clofazimine SEDDS to aid in CTB since SEDDSs provide simplified
techniques suitable for industrial upscaling together with improved solubility of the highly lipophilic

clofazimine (21,22).

MATERIALS AND METHODS

Materials

Clofazimine was generously donated by Cipla Pty Ltd. (Mumbai, India). Argan-, avocado-,
coconut-, macadamia- and olive oil were purchased from Scatters Oils (Johannesburg,
South Africa). Tween®80 and Span®0 were obtained from Associated Chemical Enterprises
(Pty) Ltd (Johannesburg, South Africa) and Sigma Aldrich Chemistry GmbH (Darmstadt,
Germany). Distilled water was attained by a Rephile Bioscience Ltd system (Boston, United

States of America).

Pre-formulation studies

Solubility studies

Excess clofazimine was added to 5 ml of each natural oil tested, and vortexed for 2 min. Samples
were placed in a shaking water bath (32 + 0.5°C) for 48 h. Thereafter, the samples were
centrifuged at 3 000 rpm for 15 min at 22°C. Next, 1 ml supernatant was removed from each
sample and diluted to 20 ml with methanol. All samples were analysed utilising an Agilent® 1100
Series HPLC system (25 + 0.5°C) equipped with an Agilent® 1100 pump, UV detector, auto-
sampler injection mechanism. Chemstation Rev. A10.02 software were employed for data
acquisition and analysis at a UV wavelength of 284 nm. All samples were analysed in triplicate
(Table I) (29-32).

Construction of pseudo-ternary phase diagrams

The water titration method was employed during construction of pseudo-ternary phase diagrams.
The three components utilised to construct the triplot consisted of a natural oil, water and
surfactant phase, i.e. Tween®80 and Span®60. The surfactant phase was fixed at a 1:1 ratio as
literature concluded that this ratio forms more stable SEDDSs, whereas higher concentration

ratios enlarge the emulsion range, but in turn facilitate decreased stability that could possibly
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cause precipitation of an incorporated drug (33,34). The clofazimine concentration included varied
according to its solubility in each natural oil (29). Specifically, 0.6% clofazimine was incorporated
into avocado oil preparations, whereas 0.2% clofazimine was added to preparations containing
argan- or coconut oil, respectively. Likewise, 0.1% clofazimine was included in preparations
comprising macadamia- or olive oil. The surfactant phase and individual natural oils were
prepared in fixed ratios (9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9) while water, the varying
component, was added in a dropwise fashion at an ambient temperature of 25°C (29). The point
at which the preparations turned turbid is considered the end-point. The end-point of different
preparations was plotted implementing Triplot software version 4.1.2 to construct pseudo-ternary

phase diagrams that identified the area of spontaneous emulsification.

Preparation of topical SEDDSs

In brief, the surfactant phase was prepared by continuous heating and stirring for 25 min. Next,
clofazimine was dissolved in each of the oil phases while subjected to sonication for 2 min
employing a UP400St (400W, 24kHz) Hielscher’s digital ultrasonic device (Teltow, Germany).
Subsequently, each oil phase was added to the surfactant phase while continuously stirred for an
additional 25 min. Small increments of water were added with waiting periods between water
additions, until the full predetermined quantity of water was added (Table Ill). The SEDDSs were
left to cool before it was stored at room temperature (25 + 0.5°C) for 24 h followed by visual
analysation (35-37). Heating SEDDSSs during production is not traditional since low inert energy
of excipients normally facilitate spontaneous emulsification once exposed to gentle agitation (35).
However, heating during water titration followed by temperature stabilising at 25 °C has been
reported to render self-emulsification, especially in systems that should conquer high kinetic

barriers to achieve spontaneous emulsification (35).

Characterisation of topical SEDDS formulations

Droplet size, zeta-potential and size distribution

Droplet size, zeta-potential and size distribution of topical SEDDSs were assessed by means of
dynamic light scattering performed by a Zetasizer Nano® ZS (Malvern® Instruments Ltd.,
Worcestershire, United Kingdom) at a maintained temperature of 25°C. Drug delivery facilitated
by SEDDSs are fundamentally influenced by droplet size, droplet size distribution and zeta-
potential (30,38,39). Size characterisation is considered one of the most profound tests performed
during development of SEDDSs as size influences drug release from SEDDS as well as stability
of the formulations (38,40). Moreover, an increasingly negative or positive zeta-potential value is
indicative of elevated electrostatic repulsion between droplets, and thus, improved stability of
SEDDSs. Additionally, uniform size distribution within dispersions confirms stability of the said

SEDDS formulations, and is evaluated utilising the polydispersity index (PDI) (41).
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Robustness to dilution

In context of dermal drug delivery, SEDDS formulations were diluted with distilled water as well
as phosphate buffer solution (PBS) comprising different pH values. The pH of PBS was adjusted
to a value of 5, similar to skin surface pH; and 7.4 to resemble the change in pH just before
partitioning into the epidermis (42,43). Dilutions of 100 fold were prepared with the
aforementioned dilution fluids. Next, diluted SEDDSs were visually inspected for phase
separation after storage at 25°C for 24 h (32).

Efficacy of self-emulsification and self-emulsification time

Efficacy of self-emulsification is also referred to as dispersability assessment (44-46). Swift
emulsification is considered highly favourable, if exhibited in SEDDSs intended for oral
administration as spontaneous emulsification is identified as the rate limiting step that must occur
before successful absorption can ensue (46). Contrary, during topical drug delivery, diffusion
through the lipophilic SC marks the rate limiting step for most drugs (26,47). Thus, prolonged
contact time between SEDDSs and skin can determine if sufficient diffusion of the drug across
the SC can be achieved (16,48). The efficiency of spontaneous emulsification was evaluated
using a type Il Distek 2500 dissolution system apparatus (North Brunswick, United States of
America). This characterisation investigation consisted of the addition of 1 ml of each SEDDSs to
100 ml distilled water. The temperature was sustained at 32 + 0.5°C, (skin surface temperature)
while SEDDDSs were exposed to mild agitation with a set paddle speed of 50 rpm. Following, by
means of visual observation, the time required by individual SEDDSs to transpire into
homogenous dispersions was noted. Furthermore, the efficacy of spontaneous emulsification was

graded according to the grading system (Table 1) (32,49).

Viscosity and pH

A Brookfield® Viscometer model DV-II+ (Stoughton, USA), attached to a circulating water bath
equipped with a Brookfield® temperature controller was employed to obtain viscosity readings of
individual SEDDSs. The temperature of the water jacket was sustained at 25 + 0.5°C (50).
Spindles utilised are: SC4-34 LV, SC4-25 LV, T-bar F LV and T-bar E LV. These spindles were

employed at 20 rpms, where torque values of approximately 20% were maintained.

The pH of the selected SEDDS formulations was assessed using a Mettler® Toledo pH meter
(Mettler® Toledo International Inc., USA) with a Mettler® Toledo Inlab® 410 NTC electrode 9823.
Calibration of the Mettler Toledo® InLab® 410 NTC electrode 9823 was executed at a pH of 4, 7

and 10 prior to measurement (51).

Cloud point
Dilutions of individual SEDDSs were prepared with the addition of distilled water (1:100).

Subsequently, samples were positioned in a water bath at a starting temperature of 25°C. The
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initial temperature was slowly increased at 2°C/min until a turbid appearance of the formulations

was visually observed upon dehydration of excipients (52).

Thermodynamic stability studies

Thermodynamic stability included exposure of selected SEDDSs to differing temperatures during
six cycles. This experiment included subjection of these SEDDSs to temperatures of
approximately 4°C or 45°C, respectively. Thus, the formulations were heated and cooled to these
temperatures for six sequences for a period not exceeding 48 h. Each tested SEDDS formulation
was visually inspected for any possible phase separation or drug precipitation during the test (32).
Hereafter, the SEDDSs were centrifuged at 3 500 rpm for 30 min (53). Succeeding centrifugation,
the formulations were again visually assessed for any indications of instability, e.g. phase

separation, cracking and/or creaming (53).

Topical delivery

Skin preparation

Caucasian female skin donated by anonymous patients that underwent abdominoplastic surgery,
was employed during dermal diffusion experiments. Full-thickness tummy-tuck skin was stored at
-20°C upon arrival at the bio-safety laboratory for no longer than 6 months. Ethics approval,
concerning procurement and preparation of skin, was granted (ethics number: NWU-00111-17-
A1-07) by the Ethics Committee of the North-West University (South Africa). Skin was examined
for abnormalities that might affect dermal diffusion, for example the presence of striae distensae.
Next, skin was dermatomed utilising a Zimmer™ electric dermatome, model 8821 (Warsaw,
United States of America) to enable harvesting of skin pieces with continues thickness
(i.e. 400 um) to ensure that harvested skin pieces included SC, epidermis-dermis and dermis.
Whatman® filter paper was used to position harvested pieces of skin. Hereafter, Whatman® filter
paper with harvested skin was wrapped in foil and maintained at -20°C until conduction of dermal

diffusion experiments (3).

Skin diffusion studies

Franz diffusion cells (n = 10) were employed to conduct in vitro dermal diffusion experiments.
Harvested skin pieces were cut into skin circles and mounted between the receptor- and donor
compartment of each Franz cell. The receptor phase consisted of a mixture of PBS (pH 7.4) and
analytical grade ethanol (9:1); it was continuously stirred at 720 rpm with a magnetic stirrer. The
donor compartment contained 1 ml of a selected SEDDS formulation. Franz cells were positioned
in a water bath at a sustained temperature of 37°C and the receptor phase completely extracted

after 12 h. All samples were analysed in triplicate utilising the validated HPLC method (3).
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Tape stripping

After 12 h dermal diffusion experiments, skin circles were removed from Franz cells and
positioned onto a board covered with Whatman® filter paper. The skin surface was carefully
dapped with paper towels to remove excess SEDDSs prior to tape stripping. Scotch® magic tape
was applied to strip only the region of each skin circle submitted to dermal diffusion. The first tape
strip was discarded and the following 15 tape strips that removed the SC-epidermis fraction, were
deposited into a polytop filled with 5 ml analytical grade ethanol and stored in the refrigerator (2—
8°C) for a period of approximately 8 h. The remaining skin should demonstrate a gleaming
appearance to ensure complete SC removal and prevalence of the epidermis-dermis skin layer.
The epidermis-dermis fractions were cut into small pieces, for the purpose of creating an enlarged
surface; and were placed into individual polytops filled with 5 ml analytical grade ethanol prior to
approximately 8 h storage in the refrigerator (2-8°C). Next, samples were transferred into HPLC

vials by means of filtration through a 45 um filter (3) and subsequently analysed.

Isothermal microcalometric studies

Compatibility of excipients were determined by means of a 2277 Thermal Activity Monitor, TAMIII,
(TA Instruments, New Castle, United States of America) equipped with an oil bath with a stability
of £100 uK over 24 h. The temperature was maintained at 40°C throughout 48 h experiments.
During these trials both individual samples and samples containing combined excipients (100 mg)
were analysed to establish compatibility. The heat flow displayed by individual samples are added
to obtain a theoretical response (i.e. baseline). Next, comparison of theoretical response to the
measured calometric output is done to determine if any interactions exist between components.
If the theoretical response drastically differs from the measured calometric output, interactions
between excipients can be suspected. Generally, a change in heat flow that exceeds 10 uW/g,

with additional slopes observed on the heat flow graph itself, signify potential incompatibility (3).
RESULTS AND DISCUSSION

Pre-formulation and characterisation

Solubility studies

Natural oils are incorporated into SEDDSs for enhancing and maintaining solubility of highly
lipophilic drugs, including clofazimine, as only solubilised drug particles are able to partition into
the outermost skin layer (27,28). Moreover, natural oils provide reversible alteration of SC lipids
that facilitate dermal penetration enhancement (23-26). The aqueous solubility of clofazimine is
10.0 mg/I (3) Therefore, clofazimine solubility is significantly improved when incorporated into the
selected natural oils (Table I) as an increased fraction of solubilised clofazimine will be available

at the skin surface.
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Construction of pseudo-ternary phase diagrams

Pseudo-ternary phase diagrams provided assistance in identifying the self-dispersability potential
of topical SEDDSs (27). Moreover, these diagrams schematically represent the concentration
range of the utilised excipients that can facilitate self-emulsification, when incorporated in
combination (54). It is evident from observing the pseudo-ternary phase diagrams for argan-,
avocado-, macadamia- and olive oil SEDDSs (Fig. 1) that a vast region can possibly facilitate
spontaneous emulsification. Thus, a specific area within the self-emulsification region was

identified to ensure evaluation of SEDDSs predicted suitable for topical application.

This zone was indicated by eliminating areas within self-emulsification regions that are known for
unfavourable properties in terms of topical drug delivery. Therefore, only regions comprising a
surfactant phase ratio of less than 5 were considered for further investigation as an increased
surfactant concentration is known to cause skin irritation (55,56). Likewise, micelles are unwanted
structures due to the tendency of the structures to establish poor dermal drug delivery as
facilitated by their rigidity and reduced deformability (57,58). Micelles are found in water rich areas
(59). Hence, formulations considered suitable for further investigation should not exceed a ratio
of 7 in terms of water content. Additionally, areas of high oil content tend to produce reverse
micelles (59). The focus of this study remains the development of SEDDSs and not reversed
micelles destined for topical clofazimine delivery. Therefore, self-emulsification regions exceeding
an oil ratio of 7 were furthermore excluded from additional investigational studies. Thus, a possible
5 formulations were selected from the self-emulsification region of each pseudo-ternary phase
diagram. This was done by choosing two check-points at the top, two check-points at the bottom,
and one check-point in the centre of the identified region of self-emulsification for each oil (Fig. 2).
The self-emulsification area of the pseudo-ternary phase diagram representing coconut oil
rendered a notably smaller area of self-emulsification compared to the other natural oils.
Nonetheless, 5 possible check-point formulations were selected from this self-emulsification

region as similarly as possible to the selection method utilised for the other natural oils (Fig. 2).

Preparation of topical SEDDSs

Visual inspection of topical SEDDSs, retained at ambient temperature for 24 h, portrayed phase
separation in formulations ARG 2, ARG 4, AVO 1, MAC 4, OLV 4 as well as all of the prepared
coconut oil SEDDSs. Hence, the remaining 15 topical SEDDSs that did not exhibit phase
separation were considered suitable for further investigation. Characterisation experiments were
performed to generate profiles of topical SEDDSs to establish which SEDDS formulations are

most suitable for dermal drug delivery, prior to conducting dermal diffusion studies.

Droplet size, zeta-potential and size distribution

It has been reported that reduced droplet size can contribute towards rapid, and significantly

increased drug permeation during dermal drug delivery (41). In addition, smaller droplets portray
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a decreased tendency towards emulsion instability such as cohesion. Most topical SEDDS
formulations tested (Table V) fell within the micro-sized range, i.e. 100-250 nm (27). Favourably,
formulations ARG 1, AVO 2 and AVO 5 could be classified as nano SEDDSs (<100 nm) (27).
However, formulations ARG 5, AVO 3, MAC 5, OLV 1 and OLV 3 demonstrated droplet sizes
>250 nm and are therefore not deliberated ideal for dermal diffusion studies (41).

Uniform size distribution of droplets within dispersions is considered indicative of formulation
stability and is scrutinised through the polydispersity index (PDI) (41). However, no fixed PDI
criteria has been established for dermal drug delivery, except for lipid based carrier systems
(PDI = 0.3) and polymer-based nanoparticles (PDI < 0.2) developed specifically for transdermal
drug delivery (60). Moreover, a PDI exceeding the generally accepted pharmaceutical range of
0.05-0.7, can designate that microscopic techniques must be employed for size characterisation
rather than dynamic light scattering as it could possibly mistakenly identify many small particles
clustered together as single large particles (60). Thus, in this study only SEDDS formulations that
obtained a PDI of 1 (ARG 5, AVO 4, AVO 5, MAC 5, OLV 1, OLV 2 and OLV 3) were excluded

from further analysis (Table V).

It is known that increasingly negative or positive zeta-potential values (i.e. >30 mV or <-30 mV)
signify increased electrostatic repulsion between droplets and are therefore considered
favourable as coagulation is circumvented (61). Nevertheless, a minute deviation is allowed as
research recognised that emulsions stabilised by both steric and combined electrostatic forces,
as enabled by Tween®80, with a minimum zeta-potential value of -20 mV, can be contemplated
acceptable (62,63). The negatively charged zeta-potential values obtained during this study
(Table IV) are initiated by the presence of free fatty acids within the oil phase (3). However, as
the net charge of the skin is negative, a positively charged formulation should theoretically
facilitate increased affinity between the applied formulation and skin (64,65). Contrary, free fatty
acids are skin penetration enhancers that function by disruption and fluidisation of SC lipids to
enhance dermal drug delivery (23-26). Therefore, negatively charged SEDDSs can still potentially
facilitate dermal drug delivery, but just in a slower fashion compared to positively charged
formulations (64). Accordingly, all SEDDSs tested, complied with the criteria set for zeta-potential,
where overall, the SEDDS formulations comprising avocado oil are regarded most stable
(average zeta-potential: -37.35 mV). Interestingly, a correlation probably exists between the pH
of SEDDS and zeta-potential measurements as avocado oil SEDDS displayed decreased pH

measurements with increasingly negative zeta-potential values.

Robustness to dilution
It was established upon visual observation of diluted topical SEDDSs that formulations ARG 5,
AVO 5, OLV 2 and OLV 3 demonstrated complete phase separation upon dilution with distilled

water and PBS comprising different pH values. Thus, these formulations were considered
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unsuitable for dermal drug delivery. Although formulations ARG 3, AVO 2, MAC 1 and OLV 1
displayed robustness towards exposure to different pH environments, but failed to withstand
phase separation upon dilution with distilled water, they were still deliberated suitable for further
analysis. This decision was based on the assumption that stability of these formulations will not
be influenced while diffusing through different skin layers, as these layers have similar pH
environments to the different PBS utilised during this experiment. Exposure to large volumes of
water on the skin surface will probably not transpire as sweat is the most noteworthy fluid that
can influence stability of topically applied SEDDSs. The sweat rate of healthy individuals is
between 500-700 ml daily over the entire body surface (66). Thus, the possibility of exposing
topically applied SEDDSs to a similar fluid volume of 99 ml, utilised to prepare dilutions, on a

single region of the body, is considered highly unlikely.

Efficacy and time of self-emulsification

Considering the grading system, SEDDSs that obtained a C or D grading (Table II) could be
deemed favourable for dermal clofazimine delivery. Contrary, SEDDSs that demonstrated poor
emulsification properties, with consequent E-grading, were considered unsuitable as slow
emulsification is favourable, but complete inability to self-emulsify is undesired. Moreover,
SEDDSs that rendered rapid emulsification (A or B emulsions) were also reasoned unsuitable as
these SEDDSs can be easily washed away once exposed to sweat or external water. Therefore,
rapid spontaneous emulsification is suggestive of decreased occlusivity that sequentially reduces
topical clofazimine delivery (48,67). Hence, formulation MAC 5 was discarded in terms of dermal
drug delivery due to a received B-grading (Table V).

Self-emulsification time of individual SEDDSs illustrates the free energy needed to enable self-
emulsification that can be influenced by the energy decreasing capabilities of surface active
agents, which dictate entropy of formulations (68). Literature confirmed that spontaneous
emulsification can either occur swiftly or be prolonged, depending on the presence of kinetic
barriers between excipients included in SEDDSs. What is more, kinetic barriers can be overcome
through applying heat or mild agitation (35). Thus, definite kinetic barriers are present as
clofazimine SEDDSs required exposure to heightened temperatures, followed by cooling
afterwards, to enable spontaneous emulsification (69). Argan oil SEDDS required longer intervals
to achieve self-emulsification that possibly indicates increased kinetic barriers between argan oil
SEDDSs excipients.

Viscosity and pH

Viscosity refers to internal friction of a fluid that can elicit an impact on flow resistance and
spontaneous emulsification (69,70). The incorporated natural oils have a definite influence on the
viscosity of SEDDSs considering that formulations ARG 3, AVO 3, MAC 3 and OLV 3 comprises

exactly similar excipient ratios, thus indicating the role of natural oils on formulation viscosity. The
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influence on viscosity can be ordered from highest to lowest as: olive oil > argan oil > macadamia
oil > avocado oil (Table 1V). Prolonged self-emulsification times were depicted by formulations of
increased viscosity (i.e. ARG 3 and OLV 3) compared to self-emulsification times exhibited by
SEDDSs of decreased viscosity (i.e. MAC 3 and AVO 3). Thus, signifying a potential correlation
between the ease of spontaneous emulsification and viscosity.

For dermal drug delivery, the pH range deemed suitable for SEDDSs is 5.0-9.0 (71). However,
an optimal pH would closely resemble the natural pH of skin and will thus range between 4.5-5.0
(42). Most formulations depicted values between 5.0-9.0, except formulation AVO 3 that
exhibited a pH measurement of 3.82 (Table 1V). Remarkably, avocado oil SEDDS portrayed pH
measurements closely related to the natural pH of skin.

Cloud point

Cloud point specifies the temperature where SEDDSs are incapable of retaining their
spontaneous emulsification properties (72). This leads to erratic release of the incorporated drug
and can further cause irreversible phase separation (52), which is linked to dehydration of
excipients once exposed to heightened temperatures (38). Formulations ARG 1, MAC 1 and

MAC 3 portrayed excipient dehydration below skin surface temperature (32°C) (49).

Thermodynamic stability

Inclusion of surface active agents in SEDDSs cannot promise physical stability due to the
complexation of emulsified systems sustained by surfactants (73). These excipients create
interfacial tension gradients and provide modification to breakup dynamics of droplets (73).
Hence, the physical stability of SEDDSs was investigated through thermodynamic stability
experiments (32,53). It is evident that formulations ARG 5, MAC 1, OLV 1 and OLV 2 revealed
incapability to withstand environments of thermodynamic- and kinetic stress. Contrary,
formulation OLV 3 exclusively displayed instability once subjected to differing temperatures;
whereas formulation AVO 5 was unable to remain stable upon centrifugation. Thus, all SEDDSs
that illustrated any instability once subjected to thermodynamic and/or kinetic stress conditions

were deemed inapt for topical drug delivery.

Skin diffusion

Post characterisation, only formulations ARG 3, AVO 2, MAC 2 and OLV 5 were reasoned
suitable candidates for topical clofazimine delivery. To improve clofazimine detection and
incorporate a therapeutic concentration, 2% w/w clofazimine was included in each of these
formulations. Moreover, delivery of supersaturated clofazimine concentrations at skin surface will
probably enhance dermal flux (47,74) as delayed nucleation and crystal growth are enabled by

SEDDSSs due to enhanced kinetic- and thermodynamic inhibition of clofazimine precipitation (27).
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No clofazimine was detected in the receptor phase post dermal diffusion regardless the SEDDS,
thus favouring topical delivery and not distribution of clofazimine into the systemic circulation (5).
Patients diagnosed with CTB generally also suffer from pulmonary TB and will already be on
systemic treatment (75). Accordingly, topical therapy should not interfere with systemic regimes
as it may cause additional side effects, therefore, the outcome of this experiment is deemed ideal.
Furthermore, clofazimine could only be detected in the epidermis-dermis layer after application of
formulations ARG 3, AVO 2 and OLV 5; whereas it could be quantified in both the SC-epidermis
and epidermis-dermis layers once formulation MAC 2 was tested. Clofazimine concentrations
were statistically significantly (p <0.001) increased in the SC-epidermis relatively to the epidermis-
dermis (Fig. 4). A previous study specified that macadamia oil comprises a high palmitoleic acid
content that has preferred affinity for the epidermis (76). This increased affinity is due to a higher
molecular weight owing to a longer carbon backbone (> C14) that deduces mobility of fatty acids

throughout different skin layers (77).

Formulation OLV 5 rendered the highest dermal cumulative clofazimine concentration, followed
by ARG 3 (Fig. 3). This outcome may be attributed to the increased oleic acid content known for
its penetration enhancement properties (78,79) by means of SC disruption. The natural lipid
structure is disordered and fluidisation of these lipids occur, which in turn facilitates enhanced
dermal drug delivery (26;79,80). Interestingly, speculation indicates that only the cis form of oleic
acid is responsible for skin penetration enhancement as established by the unsaturated structure
of the molecule itself (26). On the other hand, clofazimine delivery enabled by SEDDS containing
argan olil, is probably due to an increased stearic acid concentration. Stearic acid is a saturated
fatty acid with a melting point of 69.3°C; which is significantly higher than skin surface temperature
(49,81). Consequently, stearic acid in its undissolved state, possibly provides a residual layer on
the skin surface that enables improved occlusivity (23,82). Occlusion decreases transepidermal
water loss and thus enhances swelling of the SC, which sequentially disrupts the strictly packed
lipid structure of the SC rendering improved drug diffusion (83,84).

The AVO 2 SEDDS displayed significantly (p <0.018) lower permeation of the epidermis-dermis
layer, probably due to the increased palmitic acid (saturated fatty acid) levels present within this
oil (76,85). Saturated fatty acids are deliberated less powerful skin penetration enhancers due to

the decreased potential to insert themselves into the lipid barrier (24,86,87).

Isothermal microcalometric studies

The argan oil and clofazimine combination provided an average heat flow of 2.261 pW/g and an
interaction error of 12.296 puW/g, signifying a potential incompatibility. Potential hydrogen
peroxide formation due to redox reactions facilitated by clofazimine might be responsible for these
results (88). Remarkably, potential incompatibility between argan oil and clofazimine can confirm

the presence of enhanced kinetic barriers within argan oil SEDDS as heightened self-
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emulsification times were observed (Table 1V). Moreover, possible incompatibilities were depicted
between Span®60 and argan-, macadamia- and olive oil, respectively; with observed changes in
heat flow exceeding 10 uW/g; which were probably due to physical interactions as Span®60 is a
solid substance at room temperature and were heated to dissolve Span®60 in Tween®80 during
surfactant phase preparation.

CONCLUSIONS

Detection of interactions should not discourage further investigation as incompatibilities can either
be of a physical or chemical nature (89). Physical interactions between excipients are not
exclusively unfavourable as it does not necessarily influence formulation stability (89). Although
not all intrinsic properties of clofazimine are considered suitable for dermal drug delivery (12, 67),
and despite potential incompatibilities, SEDDSs comprising argan-, avocado-, macadamia- and
olive oil induced efficient dermal clofazimine transport. Thus, this work indicates that the transition
of oral SEDDSs to novel topical vehicles should be successful. Furthermore, clofazimine was
detected in the epidermis-dermis skin layer during analysis; thus, the possibility of delivering
“unsuitable” drugs into the lymphatic circulation provides exciting prospects (90). These prospects
include targeting conditions worsened by lymphatic dissemination such as Human
Immunodeficiency Virus (HIV), metastatic cancers and endogenous extra-pulmonary TB (90).
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Table I. Solubility of clofazimine in natural oils

Natural oil Solubility of clofazimine (ug/ml)
Argan oil 2.23+0.54
Avocado oil 6.29 + 0.44
Coconut oil 1.78 £ 0.67
Macadamia oil 1.25+0.46
Olive oil 1.09 £ 0.65

112



Table II. Grading system for SEDDSs

Grading Description
Grade A Swift emulsion formation, demonstrating a clear/bluish appearance (60 s)
Grade B Swift formation of emulsion, which appears bluish (60 s)
Grade C Emulsion displays fine milky appearance (120 s)

Dull, greyish white appearance with an additional oily appearance together
Grade D . e

with slow emulsification, (>120 s)
Grade E Poor or minimal emulsification noted with large oil droplets noticed on the

surface
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Table Ill. Check-point SEDDS formulations

SEDDS Ratio of excipients (oil: surfactant phase: water)
ARG 1 7:5:7
ARG 2 7.4:5:5
ARG 3 6:4:6
ARG 4 7:3:3
ARG 5 44:3:7
AVO 1 7:5:5
AVO 2 6.6:5:5
AVO 3 6:4:6
AVO 4 3.4:3:7
AVO 5 7:3:7
CCT1 9:3:7
CCT 2 9:2:8
CCT3 8:2:8
CCT 4 9:1: 9
CCT5S 6.3:1:9
MAC 1 7:5:5
MAC 2 6.6:5:5
MAC 3 6:4:6
MAC 4 7:3:7
MAC 5 44:3:7
OLV1 7:5:5
OLV 2 6.7:5:5
OLV 3 6:4:6
OoLv 4 4.4:3:7
OLV 5 44:3:7
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Table IV. Characterisation profiles of topical SEDDSs

Droplet size ceta: Self- Self- Viscosity Cloud point
SEDDS (nm) PDI potential emulsm_catlon emu_lsmcatlon (mPa.s) pH (°C)
(mV) grading time (s)

ARG 1 66.24 0.39 -30.60 D 499 230.53 6.95 27.00
ARG 3 107.32 0.62 -29.90 D 482 9436.27 6.00 34.00
ARG 5 440.78 1.00 -23.40 D 423 1060.14 6.60 46.90
AVO 2 64.11 0.34 -32.80 D 423 4103.20 5.01 40.00
AVO 3 345.75 1.00 -40.90 D 131 710.40 3.82 45.90
AVO 4 221.95 1.00 -37.50 D 130 6971.10 5.02 44.00
AVO 5 59.013 0.55 -38.20 D 430 1178.40 5.05 50.60
MAC 1 108.01 0.80 -25.00 D 374 23071.00 7.40 31.90
MAC 2 108.71 0.76 -29.20 D 346 17476.53 6.61 32.50
MAC 3 116.68 0.73 -27.70 D 181 5748.37 7.01 31.40
MAC 5 462.32 1.00 -26.00 B 59 993.60 7.02 36.00
OoLv1 360.25 1.00 -21.30 D 393 2511.03 7.37 34.80
OLVv 2 222.87 1.00 -30.00 D 385 6006.17 7.13 34.80
OLV 3 502.08 1.00 -31.00 D 274 11740.00 7.13 33.80
OLV 5 154.80 0.80 -23.60 C 90 7220.00 6.97 35.90




Olive od Water

Fig.1: Pseudo-ternary phase diagram of (i) argan oil, clofazimine, surfactant phase and
water (ii) avocado oil, clofazimine, surfactant phase and water (iii) coconut oil, clofazimine,
surfactant phase and water (iv) macadamia oil, clofazimine, surfactant phase and water and
(v) olive oil, clofazimine, surfactant phase and water
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Olive oil Water

Fig. 2. Pseudo-ternary phase diagram indicating check-point formulations for (i) argan oil,
clofazimine, surfactant phase and water (ii) avocado oil, clofazimine, surfactant phase and
water (iii) coconut oil, clofazimine, surfactant phase and water (iv) macadamia oll,
clofazimine, surfactant phase and water and (v) olive oil, clofazimine, surfactant phase and

water
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Fig. 4. Cumulative concentration of clofazimine delivered in different skin layers as achieved

by MAC 2 over a duration of 12 h
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Chapter 4

Conclusion and Future Prospects

4.1 Conclusion

The increased incidence of resistant TB strains adds to the global burden of anti-microbial
resistance (Dougan et al., 2019; Tacconelli et al., 2018). CTB is a rare dermatological disease
that has become more common due to growing drug resistance against first line anti-tubercular
agents as well as heightened numbers of immunocompromised patients (Chen et al., 2019).
Additionally, modern-day migration contributes to a worldwide increase of CTB
(Chen et al., 2019). However, the development of new drug entities to aid in treatment of
resistant TB disease is a complicated, expensive as well as a prolonged process
(Breckenridge & Jacob, 2019; Pushpakom et al., 2018). Hence, repurposing of drugs
primarily employed to treat a disease other than TB can TB burden by providing current relief
whilst the quest continues for ong-term solutions to end TB (Herma Sree, 2019;
Savla et al., 2017; Langedijk et al., 2015). The World Health Organisation (WHO) initiated the
“End-TB” strategy aimed at complete elimination of TB by 2035 (John, 2019). Interventions
are focused on high impact approaches such as individualised therapy
(Akkerman et al., 2018; Lange et al., 2018). Moreover, new scientific insights are essential for
the purpose of developing new tools in addition to investing in the development of novel drug
entities (Floyd et al., 2018). This study is in line with the “End-TB” strategy as it provides the
possibility of a solution to adjunct treatment of an ancient disease by incorporating a

repurposed drug into topical SEDDSs.

Topical delivery of a drug as lipophilic as clofazimine presented unique challenges
(Czajkowska-Kosnik et al., 2018; Jones et al., 2016; Ita, 2014). However, these challenges
were managed by adding excipients known for their skin penetration enhancement properties.
A skin penetration enhancer, considered ideal for topical drug delivery, should possess
properties, including as follows: it should depict pharmacologically inert behaviour, not display
any toxic effects, have no tendency towards skin irritation, it should exclude any possibility of
allergic reactions, and facilitate reversible structural changes of the SC (Lane, 2013).
Therefore, plant based oils can be considered almost ideal skin penetration enhancers as they
possess all the previously mentioned characteristics (Lin et al., 2018; Vaughn et al., 2018;
van Zyl et al., 2016; Viljoen et al., 2015; Lane, 2013). Moreover, plant based oils are
affordable  alternatives to  certain chemical skin  penetration  enhancers

(Haque & Talukder, 2018). Additionally, SEDDSs provide topical drug delivery advantages,
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for example, increased thermodynamic stability, simplified preparation techniques, improved
drug loading capacity, reduced droplet sizes, decreased surface tension, as well as skin

penetration enhancement potential (El Khayat et al., 2018).

4.2 Objectives

The objectives of this study were to;

o Verify the analytical method, namely high performance liquid chromatography (HPLC)
to enable determination of clofazimine concentrations.

e Establish the solubility of clofazimine in the selected plant based oils (i.e. argan-,
avocado-, coconut-, macadamia- and olive oil).

e Construct pseudo-ternary phase diagrams to determine the required concentration of
each ingredient for the purpose of formulating a SEDDS successfully.

o Evaluate SEDDSs in terms of droplet size, size distribution, zeta potential, robustness
to dilution, self-emulsification, cloud point assessment, thermodynamic stability,
viscosity and pH.

o Select the most optimum topical SEDDS formulations after interpretation of the results
obtained from the various evaluation tests performed.

e Conduct membrane release studies to determine clofazimine release from finally
selected topical SEDDS formulations.

o Perform dermal diffusion as well as tape stripping experiments to investigate
transdermal and topical delivery of clofazimine, respectively.

e Investigate if any potential incompatibilities are depicted between the included

excipients by utilising isothermal microcalorimetry.

Verification of the HPLC analytical method was conducted in conjunction with the expertise of
Prof Jan du Preez at the analytical laboratory of the Potchefstroom Campus. This analytical
method, previously developed for the purpose of clofazimine detection, rendered accurate,
specific and repeatable results that enabled reliable calculation of the cumulative clofazimine
concentrations released during membrane release studies and the amount diffused during

dermal diffusion studies, respectively (Aucamp et al., 2016; Indrayanto et al., 2012).

Pre-formulation studies were conducted to contribute toward development of topical SEDDSs
for optimised delivery (Honmane et al., 2017). Firstly, solubility of clofazimine in individual
plant based oils was successfully determined by utilising the shake flask method
(Ghanbari et al., 2016; Czaikowska-Koésnik et al., 2015). The lipophilic nature of clofazimine
was confirmed by observing increased solubility of clofazimine in plant based oils compared

to the aqueous solubility exhibited by clofazimine itself (Sangana et al., 2018;
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Zhang et al., 2017). Next, pseudo-ternary phase diagrams were employed to determine
optimal quantities of excipients employed in combination (Ibrahim et al., 2018). Moreover, by
constructing pseudo-ternary phase diagrams the self-emulsification area of SEDDSs
comprising divergent plant based oils, were illustrated by adding distilled water in a dropwise
fashion (i.e. water titration method) to mixtures containing predetermined ratios of other
excipients and clofazimine (Rani et al., 2019; Ke et al., 2016; Czaikowska-
Késnik et al., 2015). Hereafter, the area of interest was identified, within the displayed self-
emulsification region, for the purpose of investigating SEDDS formulations that might be most
suitable for topical clofazimine delivery. From these regions of interest, 25 topical SEDDS

formulations were identified for further investigation.

The 25 identified topical SEDDS formulations were formulated according to the water titration
method while subjected to stirring and heating, followed by cooling and subsequent
spontaneous emulsification (Prajapat et al., 2017; Hong et al., 2016; Solans et al., 2016;
Aparna et al., 2015). Next, the 25 formulated topical SEDDSs were visually inspected for
phase separation after being stored at an ambient temperature of 25°C for a period of 24 h
(Sanka et al., 2016; Parmar et al., 2015). Argan oil SEDDSs displayed phase separation of
formulations ARG 2 and ARG 4. Additionally, avocado oil SEDDSs rendered phase separation
of formulation AVO 1. Coconut oil SEDDSs depicted phase separation of all formulated
coconut oil SEDDSs and therefore confined coconut oil SEDDSs unsuitable for further
investigation. In contrast, macadamia oil and olive oil SEDDSs depicted phase separation of
formulations MAC 4 and OLV 4. Therefore, a total of only 15 topical SEDDS formulations did
not display any phase separation after the 24 h period and were thus further subjected to

characterisation experiments.

Characterisation studies included: measurement of droplet size; size-distribution; obtaining
zeta potential readings; robustness to dilution displayed by SEDDSs; efficacy of self-
emulsification experiments; viscosity readings; assessment of cloud point; evaluation of
thermodynamic stability; and pH measurement. The results obtained during characterisation
were aimed at eliminating SEDDS formulations that displayed undesirable properties in terms
of topical clofazimine delivery. Hence, the final SEDDS formulations destined for membrane
release and dermal diffusion studies were identified as formulations ARG 3, AVO, 2, MAC 2
and OLV 5. After studying the characterisation profiles of the finally selected topical SEDDS
formulations, formulation AVO 2 was considered the SEDDSs most suitable for topical
clofazimine delivery as this formulation fell within the nano-sized range and decreased droplet
size tend to facilitate enhanced dermal permeation (Kaur & Ajitha, 2019). Moreover,

formulation AVO 2 exhibited the most negative zeta potential value (i.e.
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-32.8 mV). The increasingly negative zeta potential of formulation AVO 2 signified increased
stability of the topical SEDDS formulation (Liang et al., 2017). Additionally, formulation AVO 2
depicted the highest cloud point temperature (40°C) between finally selected SEDDS
formulations, indicating dehydration of excipients at temperatures exceeding 40°C
(Ujilestari et al., 2018; Akula et al., 2014). Moreover, this formulation received D-grading in
terms of efficacy of self-emulsification that predicts enhanced occlusive effects
(Keurentjes & Maibach, 2019; Kathe & Kathpalia, 2017). Lastly, the pH value obtained for
formulation AVO 2 demonstrated a value of 5.009 that is considered compatible with natural
skin pH (Sheshala et al., 2019).

Membrane release studies confirmed release of clofazimine from all of the selected topical
SEDDS formulations. The flux values obtained during membrane release and dermal diffusion
studies signified formulation OLV 5 as the SEDDS that rendered the highest release as well
as topical delivery of clofazimine. This increased permeation of clofazimine from formulation
OLV 5 is linked to the high oleic acid content of olive oil. Oleic acid is known for significant
skin penetration enhancement properties as facilitated by lipid disruption of the SC, fluidisation
of lipids naturally present within the SC and formation of reversible, permeable changes to the
SC structure (Hadgraft & Lane, 2016; Lane, 2013). In contrast, formulation OLV 5 has the
highest water content comparatively to the other finally selected topical SEDDS formulations.
This increased presence of water is suspected to have an influence on partitioning of the highly

lipophilic clofazimine into the lipophilic SC (Chauhan & Sharma, 2019; Fantini et al., 2019).

Finally, compatibility of clofazimine with other excipients, as well as compatibility between
these excipients were investigated by employing isothermal microcalorimetry
(van Zyl et al., 2019; Patel et al., 2015). This highly sensitive test detected possible
interactions between the combinations of Span®60 and argan oil, macadamia oil or olive oil,
respectively. Moreover, a potential incompatibility was observed between argan oil and
clofazimine. Nonetheless, isothermal microcalometric experiments only indicate the potential
existence of incompatibilities between substances (Patel et al., 2015; Fathima et al., 2011).
Hence, the type of interaction must be further investigated. However, despite possible
incompatibilities, topical application of SEDDS rendered successful dermal permeation of the
highly lipophilic clofazimine and therefore signifies the potential of SEDDSs as a topical and/or

transdermal drug delivery vehicle.

4.3 Future recommendations

Recommendations are to:
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Consider the beneficial capacity of other co-surfactants to replace Span®60 in SEDDS
formulations. Examples include Span®80 and propylene glycol
(Sekrani & Poncet, 2018; Mahdi et al., 2011). Both of the aforementioned alternative
co-surfactants have displayed successful topical drug delivery in combination with
Tween®80 (Sambhakar et al., 2017). As possible incompatibilities exist between
Span®60 and certain plant based oils, the investigation of alternative co-surfactants for
the purpose of possibly substituting Span®60 is of utmost importance.

Investigate the nature of possible incompatibilities depicted between Span®0 and
argan-, macadamia, and olive oil, respectively. This can be conducted utilising
alternative techniques such as isothermal stress testing followed by HPLC analysis
(Patel et al., 2015).

Determine the solubility of clofazimine in alternative plant based oils as enhanced
solubility of clofazimine in the oil phase can potentially establish an increased
concentration gradient at the skin surface that intensifies dermal drug diffusion
(Ruela et al., 2016).

Stability testing of topical SEDDS formulations should be conducted. The presence of
UFAs may influence the stability of SEDDSs as these components tend to fall victim
to peroxidation upon exposure to light or air (Almeida et al., 2018). This tendency
towards peroxidation is facilitated by double bonds present within UFAs
(Yun & Surh, 2012). Additionally, PUFAs are notoriously known for causing decreased
stability of formulations (Hu et al., 2019). Hence, the influence of MUFAs and PUFAs
can also be distinguished during stability experiments.

In the food industry the potential of blending plant based oils in certain ratios in order
to provide optimum nutritional value, together with decreased health risks, are
discussed (Torri et al., 2019). However, by combining plant based oils and including
more than one plant based oil in the oil phase of topical SEDDSs, the possibility of
achieving optimum skin penetration enhancement together with improved solubility of
clofazimine can be established (Arslan et al., 2017). This proposed idea is specifically
aimed at reducing possible skin irritation reactions induced by powerful, natural skin
penetration enhancers such as oleic acid in high concentrations
(Karagounis et al., 2019). This concept may also contribute towards creating topical
SEDDSs less sensitive to peroxidation by decreasing the quantity of undesired
components, including elevated levels of PUFAs (Hu et al., 2019). Thus, by designing
an oil phase of natural origin the inexpensiveness of the oil phase is not lost during
formulation of SEDDSSs, but the possibility of producing an oil phase for optimised

topical delivery of clofazimine is a definite possibility to be confirmed.
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Limited studies have been conducted on employing a flip-flop mechanism to change
the zeta-potential of SEDDSs for the purpose of enhancing drug delivery across mucus
membranes (Salimi et al., 2018). The principal of this mechanism is to include an
excipient that is able to alter the zeta-potential of a formulation from an initially
negatively charged to a positively charged formulation in order to improve mucus
permeation (Salimi et al., 2018). Thus, the flip-flop mechanism is established by loss
of the added excipient during crossing of mucus and this facilitates a positively charged
formulation that is desired for increased diffusivity across cell membranes within the
body (Salimi et al., 2018). The same principal can be investigated to further enhance
dermal permeation of drugs from SEDDSs as the formulations in this study were
negatively charged due to the presence of fatty acids in the plant based oils
(Umerska et al., 2016). In theory, the flip-flop mechanism can be investigated to
improve dermal drug delivery by utilising the net charge of the skin surface and its
negatively charged capacity to improve affinity between the skin and formulation by
applying a positively charged SEDDS that facilitates enhanced dermal permeation
(Carter et al., 2019; Gumustas et al., 2017).

Development of fixed dose drug combination SEDDSs destined for topical or
transdermal drug delivery should be considered. This suggestion is of specific
importance during the treatment of TB infections of a pulmonary and/or extra-
pulmonary nature as anti-tubercular treatment regimens include simultaneous
administration of numerous drugs for prolonged time periods (Wu et al., 2019;
Tiberi et al., 2018; Sotgiu et al., 2017). The inclusion of more than one drug within the
same dosage form can contribute towards enhanced efficacy of anti-tubercular
treatment while improving patient adherence (Wu et al., 2019; Sotgiu et al., 2017).
Potential examples of drugs than may be utilised in combination with clofazimine, are
drugs included in the shortened Bangladesh regimen (Tiberietal., 2018;
Sotgiu et al., 2017). This regimen displayed regimen shortening potential by
decreasing treatment time from 24 months to 9-12 months of MDR-TB
(Tiberi et al., 2018; Sotgiu et al., 2017). The initial phase of the shortened Bangladesh
regimen refers to administration of kanamycin, prothionamide, clofazimine,
moxifloxacin together with high doses of isoniazid and ethambutol for a period of 4-
6 months (Sotgiu et al., 2017). This phase is followed by a maintenance phase
consisting of clofazimine, moxifloxacin, ethambutol and pyrazinamide for the duration
of 5 months (Sotgiu et al., 2017). Hence, numerous drugs may possibly also be

incorporated into an individual topical SEDDS to aid in CTB.
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Annexure A

Analytical method verification for the HPLC determination of clofazimine

A.1 Introduction

Analytical method validation is defined as the process by which laboratory experiments are
conducted in order to obtain evidence that the performance characteristics of a drug correlate
with the requirements established for the analytical application (Belouafa et al., 2017,
Indrayanto, 2012). For the purpose of this study a chromatographic method was verified in
order to confirm the reliability as well as the sensitivity of this analytical technique. Moreover,
method verification is crucial to enable determination of the clofazimine concentration
observed after conducting membrane release and dermal diffusion studies
(Aucamp et al., 2016).

A.2 High performance liquid chromatography verification method

The analytical method employed during this study was developed by Prof Jan du Preez at the
Analytical Technology Laboratory (ATL) of the North-West University (NWU) Potchefstroom
Campus (Janse van Rensburg, 2016; Joubert, 2016). Therefore, analytical method
verification was completed by reemployment of the HPLC analytical technique formerly

created for clofazimine.

A.2.1 Chromatographic conditions

The following chromatographic instruments and conditions were employed:

Analytical instrument: The analysis of clofazimine was enabled by utilising an
Agilent® 1100 Series HPLC system at a temperature of 25°C
in order to maintain a controlled environment. The instrument
is equipped with an Agilent® 1100 pump, UV detector, auto-
sampler injection mechanism and Chemstation Rev. A10.02

software employed for data acquisition and analysis.

Column: A Venusil Cig column, 150 x 4.6 mm (Agilent Technologies,
Newark, Delaware) was utilised.

Mobile phase: The mobile phase consisted of acetonitrile together with a
0.005 M octane sulphonic acid (pH 3.5)/octane sulfonic acid
mixture (70:30).
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Solvent: Methanol (100%)

Run time: 6 min
Retention time: * 3.94 min
Flow rate: 1.0 ml/min
Injection volume: 5 pl

Wavelength of detection: UV at 284 nm

A.2.2 Standard and sample preparation

Approximately 10 mg of clofazimine was accurately weighed and diluted to 100 ml in a
volumetric flask, with the addition of methanol, in order to obtain a solution with a concentration

of 100 pg/ml. The HPLC chromatograph of the standard clofazimine solution is displayed in
Figure A.1.
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Figure A.1: HPLC chromatograph of clofazimine standard solution (i.e. 100 pg/ml)
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A.2.3 Analytical verification of test procedure and acceptance criteria

A.2.3.1 Linearity

The ability displayed by an analytical method to render responses directly proportional to the
concentration of an analyte included in a sample, within a given range, is defined as linearity
(Alguadeib, 2018; Aparicio-Ruiz et al., 2018; Shabir, 2003). Therefore, linearity can be
measured by how well data is able to fit to the portrayed linear equation (Equation A:1)
(Araujo, 2009):

y=mx+c Equation A.1

Where:

y - represents the peak area
e m - indicates the slope

x - is the concentration

¢ - displays the y-intercept

An acceptable correlation coefficient (R?) value > 0.998 is generally accepted as evidence of
adequate relation between the data and the regression line (Singh, 2013; Shabir, 2003). This
criterion is based on the principal that the closer the correlation coefficient is to a value of one,
the stronger the positive linear relationship can be described as (Ratner, 2009). Linearity is
normally attained by plotting peak areas of calibration standards on the Y-axis against
concentration on the X-axis. A series of three to six injections of a minimum of five or more
standards is employed to determine linearity (Singh, 2013; ICH, 2005). For assays, a minimum
specified range of the target concentration is 80-120% (Shabir, 2003).

Figure A.2 and Table A.1 indicate a co-relation coefficient for clofazimine as 0.9998 (~1)
which is suggestive of a perfect co-relation between the obtained data and the clofazimine

concentration according to the ICH (2005) guidelines.
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Figure A.2: Linear regression curve of clofazimine
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Table A.1: Linearity data for clofazimine

Concentration (pg/ml) Peak area (mAU) Mean (mAU)
0.078 14.90 14.2 14.6
0.194 34.90 35.2 35.1
0.388 70.40 70.3 70.4
0.776 142.80 139.9 141.4
1.163 211.70 213.80 212.80
1.551 285.20 287.20 286.20
1.939 361.80 359.20 360.50
3.878 711.20 695.30 703.30
7.756 1424.40 1418.90 1421.70
11.634 2133.10 2136.60 2134.90
15.512 2825.30 2883.70 2854.50
19.390 3584.10 3656.50 3620.30
38.780 7182.10 7133.80 7158.00
77.560 14047.70 14484.30 14266.00

116.340 21338.80 21061.30 21200.10
155.120 28001.60 28229.00 28115.30
193.900 35284.50 35116.50 35200.50
R? 0.9998 Lower 95% Upper 95%
Intercept 0 0 0
Slope 34.66 34.28 35.05
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A.2.3.2 Limit of detection and quantitation

The limit of detection (LOD) can be described as the lowest concentration of a drug in a sample
that can be depicted, but is not necessarily possible to quantify adequately (ICH, 2005).
Conversely, the limit of quantitation (LOQ) can be determined with acceptable precision and
accuracy under the conditions specified by the analytical method (ICH, 2005).

In order to determine the LOD and LOQ of clofazimine, multiple standard solutions of different
concentrations were prepared. These standard solutions were prepared in low concentrations.
Each sample was injected seven consecutive times to be verified by HPLC analysis. The
acceptance parameter for the percentage relative standard deviation (%RSD) of LOD is
established as < 15 % and the acceptance parameter for the %RSD of LOQ is instructed to
be <20% (De Vito et al., 2016; Shabir, 2003). The LOD obtained for this method was
0.04 pg/ml, whereas the %RSD was calculated as 5.29%. LOQ was determined as 0.30 ug/ml,
with a %RSD of 1.60%. Therefore, both the LOD and LOQ values obtained complied with the
acceptance parameters as portrayed in Table A.2.
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Table A.2: Summary of the limit of detection and lower limit of quantification as obtained for

clofazimine

Injection volume (ul) 1 2.5 5 7.5 10 12

Concentration (ug/ml) 0.04 0.10 0.20 0.30 0.41 0.49
1.24 3.18 5.80 8.90 11.30 8.40
1.42 3.07 5.80 8.90 11.80 9.00
1.31 3.03 6.00 8.80 11.60 9.00

Peak area (mAU) 145 | 311 | 610 | 860 | 11.80 | 8.80
1.24 2.95 5.80 8.60 12.00 8.80
1.36 3.16 6.00 8.80 12.40 8.90
1.32 3.15 5.90 8.70 11.30 9.00
1.38 3.25 5.80 8.50 11.70 9.00

Mean peak area (mAU) 1.34 3.11 5.90 8.73 11.74 8.86

SD 0.07 0.09 0.11 0.14 0.34 0.19

%RSD 5.29 2.84 1.89 1.60 2.89 2.18

1. Standard deviation (SD)
2. Relative standard deviation (%RSD)

A.2.3.3 Accuracy

The accuracy of an analytical method is established by comparing the closeness of the
measured values to the true values (Singh, 2013; Indrayanto, 2012; Shabir, 2003).
Additionally, accuracy can only be confirmed if the true and measured values are ascertained
across a fixed concentration range (Ermer, 2005). For the purpose of this study a specific
clofazimine concentration range, i.e. 80 ug/ml, 100 pg/ml and 120 ug/ml, was employed to
verify the accuracy of the HPLC analytical method. Three samples of each clofazimine
concentrate were prepared and each individual sample was injected in duplicate. The
analytical value obtained for accuracy analysis should deliver a mean recovery value between
the range of 98% - 102%, in order to be deemed successful (ICH, 2005; Shabir, 2003).
Moreover, a %RSD equal or less than 2% is recommended (Ermer, 2005). As demonstrated
in Table A.3 the mean recovery value for clofazimine was obtained at 99.36% and the %RSD

established at 1.9%. Therefore, this verification method complies with the established criteria.
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Table A.3: Accuracy results for clofazimine

Concentration spiked | Peak area 1 | Peak area 2 | Mean peak area Recovery
(ng/mi) (MAU) (MAU) (MAU) o 1 %
79.6 5974.20 6054.90 6014.55 82.59 ] 103.76
80.4 5796.90 5811.40 5804.15 79.66 | 99.07
79.8 5701.00 5702.80 5701.90 78.23 | 97.98
99.5 7354.70 7285.10 7319.90 100.81 | 101.32
100.5 7234.30 7236.90 7235.60 99.64 | 99.14
99.8 7093.10 7087.80 7090.45 97.61 | 97.81
119.4 8566.60 8463.60 8515.10 117.50 | 98.41
120.6 8639.90 8649.70 8644.80 119.31 | 98.93
119.8 8493.10 8484.00 8488.55 117.13 | 97.80
; 222:j;ds?ae:ciijznd§2ion (%RSD) Mean 99.36
SD 1.97
%RSD 1.98

A.2.3.4 Precision

Precision considers the degree of repeatability displayed by an analytical method under
prescribed operating conditions by conducting a series of sampling from the same sample
(ICH, 2005; BPCC, 2001). Moreover, precision is specified as the %RSD obtained for a
number of samples (McPolin, 2009). This number of samples should include a minimum of
five to nine measurements, obtained at a minimum of three concentrations, in a specified
range (Singh, 2013; McPolin, 2009). Generally, precision is performed at three levels, namely
repeatability (intra-day precision), intermediate precision (inter-day precision) and
reproducibility (Shabir, 2003). The specifications for an assay method employed for drug
analysis is a %0RSD < 2% (Huber, 2015; Shabir, 2003).

A.2.3.4.1 Intra-day precision

Intra-day precision is performed in order to determine if the system is able to render similar
responses under corresponding conditions on the same day (Araujo, 2009). Nine clofazimine
samples were prepared on the same day and each sample was injected in duplicate. As
observed in Table A.4 the %RSD did not exceed 2%, hence the rendered %RSD of 0.8%
complies with the prescribed limit (Huber, 2015; Shabir, 2003).
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Table A.4: Intra-day precision results for clofazimine

Concentration Peak area 1 | Peak area2 | Mean peak Recovery
spiked (ng/ml) (mAU) (mAU) area (mAU) ug/ml %
32.09 3577.40 3561.50 3569.45 41.71 ] 129.98
32.09 3594.10 3589.50 3591.80 41.97 ] 130.78
32.30 3584.20 3585.60 3584.90 41.89 | 129.67
40.38 4476.10 4432.90 4454 .50 52.11 | 129.40
40.47 4551.80 4536.80 4544.30 53.10 | 131.35
40.47 4454.00 4441.90 4447 .95 52.03 | 128.57
48.07 5226.30 5285.30 5255.80 61.52 | 127.97
48.10 5301.20 5294.70 5297.95 62.02 | 128.93
48.23 5363.10 5344.00 5353.55 62.67 | 129.94
; ;:Zzzds?::ﬁzndfv:ﬁon (%RSD) Mean 129.62
SD 1.06
%RSD 0.82

A.2.3.4.2 Inter-day precision

Inter-day precision demonstrates the possibility of variable responses that could occur during

sample preparation on two or more separate days (Singh, 2013; McPollin, 2009; ICH, 2005).

For this particular analytical method verification analysis was performed by preparing samples

of 52 ug/ml in triplicate over a period of three consecutive days. As displayed in Table A.5 a

%RSD value of less than 2% was obtained (i.e. 1.24%). Hence, inter-day precision verification

was considered acceptable (Shabir, 2003).

Table A.5: Inter-day precision results for clofazimine

Day 1 Day 2 Day 3
Parameters 128.57 128.10 127.69
(%Recovery) Between days
y 128.93 127.15 123.27
127.97 123.11 126.17
Mean 128.49 127.14 126.62 127.42
SD 0.48 0.97 0.90 0.97
%RSD 0.62 0.76 0.71 1.24

1. Standard deviation (SD)

2. Relative standard deviation (%RSD)
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A.2.3.4.3 System repeatability

System repeatability is described as the precision displayed by an analytical method as
observed over a short period of time (Ermer, 2001). In order to determine the system
repeatability of clofazimine, a standard clofazimine solution (i.e. 100 pg/ml) was prepared and

injected six at consecutive times, as demonstrated in Table A.6.

Table A.6: System repeatability results obtained for clofazimine

Injection number Peak area (mAU) Retention time (min)

1 11914.60 3.93

2 11911.10 3.93

3 11990.00 3.94

4 11920.00 3.94

5 11992.30 3.94

6 11992.50 3.94

Mean 11953.42 3.94

SD 41.93 0.01
%RSD 0.35 0.18

1. Standard deviation (SD)
2. Relative standard deviation (%RSD)

As seen in Table A.6 the %RSD obtained for peak area was 0.35% and 0.18% for retention
time. Hence, the system repeatability for clofazimine is considered suitable as the calculated
%RSD values did not exceed a value of 2% (Shabir, 2003).

A.2.3.5 Stability

Stability tests are conducted in order to determine the chemical stability of a drug when
exposed to specified conditions, in a distinct environment over a fixed period of time
(Ravisankar et al., 2015). A standard sample of clofazimine was prepared, as noted in
Section A.2.2. The stock solution was repeatedly injected over a period of 24h at hourly
intervals. Moreover, the peak area obtained at a time of 0 h was employed as a reference
value for each peak area subsequently obtained. The derived peak areas together with the

percentage recovery for each injection are displayed in Table A.7.
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Table A.7: Stability results portrayed by clofazimine

Time (h) Peak area (mAU) % Recovery

0 11908.60 100.00
1 11869.10 99.70
2 11813.70 99.20
3 11970.40 100.50
4 11988.70 100.60
5 11995.40 100.70
6 11837.50 99.40
7 11999.10 100.70
8 11957.20 100.40
9 11841.30 99.40
10 12037.80 101.10
11 12037.30 101.10
12 11821.50 99.20
13 12021.80 100.90
14 11811.80 99.20
15 11756.50 98.70
16 11796.40 99.10
17 11759.70 98.70
18 11821.60 99.30
19 12017.30 100.90
20 11868.50 99.70
21 11918.60 100.10
22 12056.80 101.20
23 12077.10 101.40
24 11800.10 99.10

Mean 11911.35 100.01
SD 102.56 0.85

%RSD 0.86 0.85

1. Standard deviation (SD)
2. Relative standard deviation (%RSD)
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For the purpose of ensuring optimum sample stability, clofazimine samples should not be
utilised or retained for periods that exceed the degrading of clofazimine with a value of 2%
(Huber, 2015). Favourably, the collected stability results of clofazimine demonstrated virtually
no degradation, with a %RSD value of 0.86 and 0.85, obtained for % recovery and peak area,
respectively. As this analytical method verification test was conducted over a period of 24 h
and virtually no degradation of clofazimine was observed, it can be assumed that clofazimine
should remain stable for the 12 h period required to conduct dermal diffusion studies.

A.2.3.6 Specificity

The specificity of an analytical method should not be confused with the selectivity
(Indrayanto, 2012). In analytical method validation, selectivity is graded as low or high
(Indrayanto, 2012; Araujo, 2009); whereas, specificity can be described as 100% selectivity
or 0% interference of excipients included in a formulation (Indrayanto, 2012). Therefore,
specificity is deemed an essential analytical method validation test to indicate if differentiation

between compounds of similar HPLC chromatographic structure is possible.

In order to establish the specificity, a standard clofazimine solution of 25 pug/ml was prepared.
Next, 2 ml of the standard clofazimine solution was extracted and vortexed together with
200 pl of hydrochloric acid, sodium hydroxide or hydrogen peroxide and methanol in a test
tube. Figure A.3 displays the HPLC chromatographs obtained for hydrochloric acid, sodium
hydroxide and hydrogen peroxide together with the HPLC chromatograph of a standard

clofazimine solution.
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Figure A.3: HPLC chromatographs of hydrochloric acid, sodium hydroxide, hydrogen

peroxide solutions of clofazimine and standard clofazimine solution

As observed in Figure A.3 virtually no decomposition of clofazimine can be detected in the
presence of hydrochloric acid, sodium hydroxide or hydrogen peroxide. Conversely, it should
be noted that the retention time of clofazimine differs minimally as influenced by the presence

of hydrochloric acid, sodium hydroxide or hydrogen peroxide.

For the purpose of obtaining HPLC chromatographs for excipients included in formulations,
100 pl of plant oil (i.e. argan-, avocado-, coconut-, macadamia- and olive oil) were vortexed
with approximately 5 ml methanol prior to being analysed by means of HPLC. In order to
exhibit an HPLC chromatographic structure for the surface active ingredient, 100 mg of
Span®60 were weighed, heated in a test tube and approximately 5 ml methanol was added
before subjected to vortexing. The Span®60 sample was filtered prior to HLPC analysis.

Figure A.4 depicts the HPLC chromatographs of the various excipients tested.
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Figure A.4: HPLC chromatograph of excipients included in SEDDSs formulations

From Figure A.4 it is clear that argan oil, olive oil and Span®60 are the only excipients that
might be able to interfere with clofazimine detection as the HPLC chromatograph shows peaks
between the retention time of 3.8 min and 4.2 min. These peak retention times could
complicate accurate detectability of clofazimine as the average retention time displayed by
clofazimine is established at 3.94 min. However, when the HPLC chromatographs of the
excipients and the standard clofazimine solution are placed into context (Figure A.5), the

interference with clofazimine detection is deemed insignificant and specificity of the analytical
method was thus proven.
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Figure A.5: HPLC chromatograph of clofazimine standard solution and excipients included
in SEDDSs formulations
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A.2.3.7 Robustness

Robustness evaluates the ability of an analytical method to remain unaffected if certain
parameters are slightly altered (Shabir, 2003). For the purpose of demonstrating analytical
method robustness the initial chromatographic conditions, as summarised in Section A.2.1,
were altered while injecting a standard clofazimine solution. Two robustness experiments
were performed while four chromatographic conditions were adjusted simultaneously. During
the first robustness test the initial injection volume was changed from 1 g/l to 1.2 pg/l, the
initial flow rate was altered from 1.0 ml/min to 2.5 ml/min, the mobile phase ratio of 70:30
(acetonitrile to octane sulfonic acid) was modified to a mobile phase ratio of 65:35 (acetonitrile
to octane sulfonic acid), and the wavelength was adjusted from the initial 284 nm to 280 nm.
For the second robustness assessment the initial injection volume was altered from 1 g/l to
0.8 ug/l, the initial flow rate was changed from 1.0 ml/min to 1.5 ml/min, the mobile phase ratio
of 70:30 (acetonitrile to octane sulfonic acid) was modified to a mobile phase ratio of 75:25
(acetonitrile to octane sulfonic acid) and the wavelength was amended from an initial 284 nm
to 288 nm. Results obtained for both robustness tests, together with the HPLC chromatograph

of clofazimine under initial chromatographic conditions, are presented in Figure A.6.
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Figure A.6: HPLC chromatographs of clofazimine standard solutions subjected to different

injection volumes, flow rates, mobile phase ratios and wavelengths

As illustrated (Figure A.6) the results obtained during the robustness analysis displayed
approximately similar HPLC chromatographic peak times despite the altered chromatographic

conditions. Hence, the outcomes obtained are deemed acceptable.
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A.3. Conclusion

The HPLC method verified for clofazimine was found reliable as well as adequately sensitive

in determining clofazimine concentrations. Tables A.1 — A.7 indicate that the set criteria were
met.
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Annexure B

Pre-formulation studies of self-emulsifying drug delivery systems

B.1 Introduction

Pre-formulation studies contribute toward the rational development of an optimised drug
delivery system by collecting information utilised to develop a safe, stable and administration
route appropriate dosage form (Honmane et al., 2017). During pre-formulation studies of
topical self-emulsifying drug delivery systems (SEDDSs), solubility tests were conducted
(Kazi et al., 2017; Prajapat et al., 2017; Ghanbari et al., 2016; Czaikowska-
Késnik et al., 2015). Sufficient solubility of a drug in the oil phase is a crucial factor to consider
as decreased solubility can lead to precipitation of the incorporated drug during the shelf-life
of the product (Czajkowska-Koésnik et al., 2015; Miryala & Kurakula, 2013). Moreover,
insufficient solubility can usher precipitation of the drug during the addition of water while
formulating SEDDSs (Czaikowska-Koésnik et al., 2015). Next, pseudo-ternary phase diagrams
were constructed by implementing the water titration method (Prajapat et al., 2017). The art
of formulating SEDDSs lies in combining excipients in optimum concentrations in order to
facilitate self-emulsification (Rani et al., 2019). The combination of excipients as well as the
concentration of these excipients are considered by pseudo-ternary phase diagrams
(Wang et al., 2015). Thus, pseudo-ternary phase diagrams were considered an irreplaceable

instrument during the pre-formulation stage of this study.

B.2 Solubility studies

Glass centrifuge tubes were employed to solubilise a supersaturated concentration of
clofazimine in 5 ml of a plant based oil or water. An excess quantity of clofazimine should be
added in order to ensure reliable solubility study results (Ghanbari et al., 2016; Czaikowska-
Kosnik et al., 2015) and the shake flask method was utilised (Kazietal., 2017;
Ghanbari et al., 2016). The excess quantity of clofazimine needed to establish the
supersaturated concentration varied for each of the individual vehicles. Argan-, avocado- and
coconut oils necessitated 500 mg clofazimine per 5 ml; water required 300 mg per 5 ml; and
the macadamia- and olive oils needed 400 mg clofazimine per 5 ml to obtain a supersaturated
solution. Subsequently, each glass centrifuge tube, containing a mixture of clofazimine with
one of the various vehicles, was subjected to vortexing for a period of 2 min to create a uniform

dispersion (Prajapat et al., 2017; Czaikowska-Késnik et al., 2015).

Next, all vortexed samples were placed in a shaking water bath for the duration of 48 h in

order to obtain equilibration of the samples (Prajapat et al., 2017; Balata et al., 2016;
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Ke et al., 2016). The temperature of the shaking water bath was fixed at 32°C, similar to the
temperature at the surface of the skin (Heylings et al., 2018). Samples of each vehicle were
prepared in triplicate to attain an average solubility concentration value (Prajapat et al., 2017;
Balakumar et al., 2013). After the 48 h period was completed, the samples were removed and
centrifuged at 3 000 rpm for 15 min at a temperature of 22°C to remove the excess solid from
the equilibrated solutions (Suvarna etal., 2017; Ghanbari et al., 2016; Czaikowska-
Késnik et al., 2015). Only 1 ml of the supernatant was removed from each of the plant based
oil samples and diluted with methanol to a volume of 20 ml, prior to HPLC analysis
(Prajapat et al., 2017). The 1 ml supernatant collected from the samples containing water and
clofazimine, was diluted to 20 ml with HPLC grade water; and these samples had to be filtered
with a Millipore membrane filter (45um) prior to HPLC analysis (Annexure A) as clear lumps
of clofazimine were visible (Prajapat et al., 2017). Thereafter, an average of the obtained

clofazimine concentrations were determined as presented in Table B.1.

Table B.1: Solubility of clofazimine in the various vehicles

Vehicles Solubility of clofazimine (ng/ml)
Argan oil 2.230+£0.54
Avocado oil 6.292 + 0.44
Coconut oil 1.781 £ 0.67
Macadamia oil 1.247 + 0.46
Olive oil 1.090 £ 0.65
Water 0.220 £ 0.88

*  Datais presented as mean + standard deviation

As observed from Table B.1, avocado oil displayed the highest clofazimine solubility with an
average value of 6.292 mg/ml, whereas clofazimine proofed to be least soluble in water
(0.220 mg/ml). The solubility of clofazimine in the selected vehicles can be ranked from
highest to lowest in the following order:
avocado oil >>>> argan oil > coconut oil > macadamia oil > olive oil >> water. These
experiments confirmed the necessity of solubilising clofazimine in a plant based oil as all the
oils were able to increase this active ingredient’s solubility; even the macadamia- and olive

oils that were considered lowest in the ranking order were able to portray solubility values of
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more than double that of the aqueous solubility. Results confirmed that clofazimine is a highly

lipophilic compound with low aqueous solubility (Sangana et al., 2018; Zhang et al., 2017).

B.3 Construction of pseudo-ternary phase diagrams

Pseudo-ternary phase diagrams are a valuable instrument when aiming to illustrate the self-
dispersability potential of a lipid based formulation, such as SEDDSs (Rani et al., 2019).
Additionally, pseudo-ternary phase diagrams demonstrate the concentration range of the
excipients needed to enable self-emulsification when utlised in combination
(Ibrahim et al., 2018). In order to construct pseudo-ternary phase diagrams the water-titration

method was employed (Rani et al., 2019; Czaikowska-Késnik et al., 2015).

The water-titration method can be described as adding distilled water, in a dropwise fashion,
to the homogenous mixture of clofazimine, plant based oil, surfactant and co-surfactant while
visually observing changes in the clarity of the mixture (Ke et al., 2016). During distilled water
addition the mixture is gently stirred while positioned on a magnetic stirring plate. The ease at
which water penetrates the mixture is indicative of the ease at which emulsification will
transpire (Midha et al., 2017). Subsequently, the end point of the mixture is achieved when
the mixture changes from a clear appearance to a turbid appearance (Rani et al., 2019;
Patil et al., 2013). This indicates the end-point at which the mixture will turn to spontaneous
self-emulsification (Rani et al., 2019). The point at which permanent turbidity of the mixture is
observed is then plotted on the pseudo-ternary phase diagram to indicate the concentration
of excipients needed to enable self-emulsification (Nazari-Vanani et al., 2018;
Patil et al., 2013).

To find an appropriate concentration range for all of the components (active ingredient, oil,
surfactant, co-surfactant and water) at room temperature (approximately 25°C) in which they
spontaneously form emulsions, the surfactant and co-surfactant (i.e. Tween®80: Span®60)
were first mixed together. This mixture will be referred to as the “surfactant phase” from
hereafter and was fixed at a ratio of 1:1 (Syed & Peh, 2014). Kang et al (2004) concluded that
a 1:1 ratio forms more stable SEDDSs, whereas higher concentration ratios improved the
emulsion range, but a decrease in stability was depicted that could lead to precipitation of the
incorporated active ingredient. Following, the surfactant and co-surfactant were stirred and
slightly heated on a magnetic stirring plate to ensure homogenous distribution of the co-
surfactant in the surfactant. Next, mixtures were prepared for each plant based oil and
surfactant phase in ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 to enable construction
of the pseudo-ternary phase diagrams after the addition of distilled water (Ke et al., 2016;
Aparna et al., 2015; Patil et al., 2013). The water phase was titrated into the various mixtures

in a dropwise fashion until the first sign of turbidity was noted so as to identify the end-point of
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the emulsion range. Once equilibrium of the mixture was achieved the mixtures were visually
inspected, by means of polarised lenses, for transparency and for optical isotropicity; and the
pseudo-ternary phase diagrams constructed. Each apex of the pseudo-ternary phase
diagrams illustrates the concentration of distilled water, oil phase and surfactant phase,
respectively (Dash et al., 2015). The pseudo-ternary phase diagrams obtained for SEDDSSs,
formulated with individual plant based oils, are displayed in Figure B1.
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Surfactant phase Surfactant phase Surfactant phase

iii)

Coconut oil Water

Avocado oil Water

Surfactant phase Surfactant phase

Macadamia oil Water Olive oil Water
Figure B.1: Pseudo-ternary phase diagram of (i) argan oil, clofazimine, surfactant phase and water (ii) avocado oil, clofazimine, surfactant phase

and water (iii) coconut oil, clofazimine, surfactant phase and water (iv) macadamia oil, clofazimine, surfactant phase and water and (v) olive oil,

clofazimine, surfactant phase and water
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As seenin Figure B.1, the plant based oil ranked with the highest self-emulsification potential,
is avocado oil. In contrast, coconut oil displayed the smallest self-emulsification area; and the
argan-, macadamia-, and olive oils rendered approximately similar self-emulsification areas.
Coconut oil has the highest saturated fatty acid composition of the selected plant based oils
(Cicero et al., 2018). Thus, the elevated saturated fatty acid composition of coconut oil can
provide a possible explanation for the unique self-emulsification behaviour of this plant based
oil compared to the other plant based oils utilised (Cicero et al., 2018; Vaughn et al., 2018).
Average virgin coconut oil contains 75% medium chain triglycerides and 90% of these
triglycerides are saturated (Santos etal., 2014). Due to the high saturated fatty acid
composition of coconut oil it will return to a semi-solid state after being left at room temperature
(Vaughn et al., 2018). Hence, coconut oil might present formulation challenges especially in

terms of maintaining a state of self-emulsification.

A possible solution to improve the self-emulsification potential of the SEDDSs containing
coconut oil would be to substitute the surfactant or co-surfactant for one with increased phase
penetration characteristics in order to increase the distribution of water droplets throughout
the SEDDS formulation which may increase the self-emulsification potential of the SEDDSs
formulated with coconut oil (Rajeshwar & Shirvastava, 2018; Zhang et al., 2015). The role of
surfactants and co-surfactants is to adsorb at the interphase of SEDDSs in order to decrease
the interfacial energy while in turn reducing the free energy needed to enable the formation of
emulsions with increased thermodynamic stability (Czaikowska-Késnik et al., 2015).
Moreover, another possible solution to enlarge the self-emulsification area of SEDDSs created
with coconut oil is to increase the concentration of surfactant included (Czaikowska-
Kosnik et al., 2015).

Interestingly, the obtained pseudo-ternary phase diagrams delivered larger self-emulsification
areas than anticipated. It is declared that self-emulsification arises if the entropy change in
favour of dispersion formation is greater than the energy needed to enhance the surface area
of the dispersion (Balata et al., 2016). Subsequently, a method of selecting the most
acceptable SEDDSs for formulation and further investigation had to be chosen. Authentication
of predicting phase behaviour is provided by constructing pseudo-ternary phase diagrams
according to different ratios of excipient concentrations when working in different areas of a
pseudo-ternary phase diagram (Rani et al., 2019; Hegde et al., 2013). The predicted phase

behaviour exhibited by pseudo-ternary phase diagrams are illustrated in Figure B.2.
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Figure B.2: Hypothetical pseudo-ternary phase diagram utilised to predict phase behaviour
of SEDDSs (adapted from Rani et al, 2019; Hegde etal., 2013;
Lawrence & Rees, 2000)

Each section of the pseudo-ternary phase diagram illustrated in Figure B.2 predicts
characteristics of the dispersion according to the concentrations of excipients included in
SEDDS formulations (Rani et al., 2019). Hence, for the purpose of this study one must bear
in mind that the developed SEDDSs are destined for topical delivery and therefore the regions
of interest were chosen according to the properties desired to enable successful drug delivery
into the epidermis-dermis of the skin.

An increased surfactant concentration can cause skin irritation (Mojeiko et al., 2019;
Kiselmann et al., 2018). Skin irritation induced by surfactants are linked to the ability of these
compounds to solubilise lipid membranes (Effendy & Maibach, 1995). In contrast, the
disruption of lipids in the stratum corneum will enhance drug penetration and in turn improve
topical drug delivery (Viljoen et al., 2015). Therefore, only SEDDSs containing a surfactant
ratio of lower than 5 were considered for further investigation. Likewise, during the formulation
of SEDDSs, micelles are unwanted structures as micelles tend to lead to poor dermal drug
delivery due to their rigidity and decreased deformability (Abdel-Messih et al., 2019;
El Zaafanay et al., 2010). Hence, areas on the pseudo-ternary phase diagram that illustrate
the presence of micelles were avoided during further formulation. Areas known to render
micelles are areas of high water content (Hegde et al., 2013), whereas oil rich regions on the
pseudo-ternary phase diagram will deliver reverse micelles (Hegde et al., 2013;). Therefore,

it was decided that the ratio of water included in formulations may not exceed a value of 7
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during this study. Reverse micelles are an area of interest in drug delivery as reverse micelles
have been used as simplified systems to obtain insight into the structure of entrapped water
(Lépori et al., 2019; Silva et al., 2012; Barauch et al., 2006). Reverse micelles possess the
ability to solubilise both polar and non-polar substances and therefore have numerous
applications in chemical as well as enzymatic reactions, the synthesis of nanomaterials and
drug delivery systems (Lépori et al., 2019; Kogan & Garti, 2006). The focus of this study
remains to develop SEDDSs consisting of an oil- in-water emulsion and/or water-in-oil
emulsion to enable comparison between SEDDSs as an alternative emulsion formulation
method. For this reason, areas exceeding a value of 7 in oil content will be ignored during
further formulation of SEDDSs. Thus, in order to eliminate an elevated surfactant
concentration, areas that contain micelles or reverse micelles, additional pseudo-ternary
phase diagrams were constructed and are displayed in Figure B.3 for the purpose of

illustrating the self-emulsifying regions suitable for further investigation.

158



Surfactant phase

Surfactant phase Surfactant phase

Argan oil Water Avocado oil Water Coconut oil Water

Surfactant phase
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Macadamia oil Water Olive oil Water
Figure B.3:  Pseudo-ternary phase diagram illustrating self-emulsifying region of interest for (i) argan oil, clofazimine, surfactant phase and
water (ii) avocado oil, clofazimine, surfactant phase and water (iii) coconut oil, clofazimine, surfactant phase and water (iv) macadamia oil,

clofazimine, surfactant phase and water and (v) olive oil, clofazimine, surfactant phase and water
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The pseudo-ternary phase diagrams (Figures B.3) illustrate the points within the sufficient
self-emulsifying area that were chosen for further investigation. Furthermore, five points were
selected in the suitable self-emulsification region. Four points at the edges of this region were
selected as well as an extra point, located in the centre of the remaining self-emulsification
region. These selected points on the pseudo-ternary phase diagrams were formulated and
characterised in order to determine which SEDDS formulations were considered most
acceptable to perform membrane release studies with. Coconut oil is the only exception to the
selection method as the displayed self-emulsification region is too small to eliminate areas in
this region in exactly the same manner utilised for the other plant based oils Therefore,
coconut oil was handled individually, but as similar as possible to the selection method
employed for the previously mentioned plant based oils. The five points (Figure B.3 iii)
selected on the pseudo-ternary phase diagram of coconut oil was chosen as four points on
the edges of the self-emulsification region and one point at the centre of this region.

B.4 Conclusion

The main objective of pre-formulation studies remains to obtain information that will assist
during further dosage form development. As the first step during dosage form development,
pre-formulation studies provide a framework to consider the safety of the final product.
Additionally, the choices made during pre-formulation of topical SEDDSs must correlate with
the properties desired to develop a product for optimised topical drug delivery
(Honmane et al., 2017; Chaurasia, 2016).
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Annexure C

Formulation of self-emulsifying drug delivery systems

C.1 Introduction

It has been established that the vehicle utilised to present a drug at the skin surface plays a
significant part in the efficacy of dermal drug delivery (Otto et al., 2009). Another factor that
complicates drug delivery is sufficient solubility of lipophilic drugs in the vehicle utilised to
present the drug at the skin surface (Pratiwi et al., 2017). SEDDSs provide a useful alternative
dosage form as the lipid is inert and the plant based oil, utilised during SEDDSs formulation,
can contribute towards enhanced skin penetration by altering lipids, naturally present in the
stratum corneum (SC), in order to facilitate dermal drug delivery (Viljoen et al., 2015).
Decreased energy input is required for formulation of SEDDSs when compared to other

emulsion formulation techniques (Gongalves et al., 2018).

The decreased energy input needed to deliver SEDDSs can be linked to the mechanism of
spontaneous emulsification (Rani et al., 2019; Gongalves et al., 2018). Solans et al (2016)
states that the chemical potential between the aqueous and oil phase might render gradients
that precipitate spontaneous emulsification under specified conditions. These specified
conditions include regulation of external energy input such as heat application and stirring of
formulations (Solans et al., 2016; Lopez-Montilla et al., 2002). The choice of lipid component
contributes toward the phase behaviour of SEDDSs as oils with increased molecular volumes
depict a reduced extent of solubilisation when compared to oils of decreased molecular
volumes (Zhang et al., 2015; Warisnoicharoen et al., 2000). Additionally, research indicate
that self-emulsification is influenced by the ratio of oil phase to surfactant phase
(Eid et al., 2014). Hence, during the manufacturing of SEDDSs spontaneous droplet formation
is influenced by the inherent properties of the included excipients that can either promote or

restrict self-emulsification (Anton & Vandamme, 2011).

C.2 Mechanism of self-emulsification

Droplet formation is achieved during spontaneous emulsification by exposing two immiscible
liquids, which are not in equilibrium, without applying any external energy
(Solans et al., 2016). The mechanism of self-emulsification was discovered by Johannes Gad
in 1879; and yet the mechanism is still not completely understood (Rani et al., 2019;
Gad, 1879). Research conducted with and without the presence of surfactants rendered
explanations for various aspects of spontaneous emulsification (Solans et al., 2016). Firstly,

turbulent flow is known to enhance the rate at which emulsification occurs. However, turbulent
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flow can be supressed by including surfactants in formulations, yet self-emulsification
definitely ensues within the presence of a surfactant. Secondly, it has been stated that low, or
in other words negative interfacial energy, is required to establish spontaneous emulsification
of a system. Nonetheless, by experimenting with the inclusion and exclusion of surfactants it
was observed that self-emulsification can occur far from the set critical point of low energy,
even in surfactant-free systems. Lastly, self-emulsification can be defined as a diffusion driven
process as both large droplets, such as micro sized droplets, and small droplets, for instance
nano sized droplets, can be created during spontaneous emulsification (Solans et al., 2016;
Lopez-Montilla et al., 2002).

Emulsification can transpire by applying either internal energy (Figure C.1), external energy
(Figure C.2) or both internal and external energy (Figure C.3) where a kinetic barrier is
formed and stabilised according to the energy source (Solans et al., 2016).

Stabilisation of the
kinetic barrier

Oil Formation of the

kinetic barrier Emulsion

Water

Oil and water
in a state of
non-equilibrium

Oil

Water

Oil and water in
in a state of
equilibrium

Figure C.1: Emulsification achieved through the application of internal energy (adapted from
Solans et al., 2016)

Figure C.1 portrays the nature of self-emulsification of two immiscible phases in non-
equilibrium. Negative values of free energy are created by variances in the gradient of the
chemical potential between the two liquids. This phenomenon is demonstrated by
Equation C.1.
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AG <O Equation C.1

Where AG indicates the total energy of emulsion formation.

Formation of
kinetic barrier

Stabilisation of
kinetic barrier

Emulsion
QOil and water .

in a state of
non-equilibrium

Qil and water in

Oil and water in 2
in a state of AG=y-AA>0 in a state of

equilibrium equilibrium

Figure C.2: Emulsification achieved through the application of external energy (adapted from
Solans et al., 2016)

Figure C.2 demonstrates the need for external energy (i.e. mixing or heating) to establish
emulsification. Here the two immiscible phases are in thermodynamic equilibrium and the
energy required to enlarge the interface is positive as well as large; and no compensation can
be made for the positive together with small entropy of the phases. Hence, more energy is
needed to overcome the formation of the kinetic barrier. This observation is displayed by
Equation C.2 and simplified by Equation C.3.

AG =yAA —TAS Equation C.2

Where AGspecifies the total free energy of emulsion formation; y indicates the interfacial
tension; AA denotes an increase in the interfacial area; T is the absolute temperature; and

AS designates an increase in entropy.
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Oil and water in
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Figure C.3: Emulsification achieved through the application of both internal and external

energy (adapted from Solans et al., 2016)

AG >0 Equation C.3

When applying both external and internal energy, a significantly lower external energy input is
required to establish emulsification when compared to the energy needed to render
emulsification established by only an external source of energy (Figure C.3). This is the
process most frequently utilised in practice to obtain SEDDSs (Solans et al., 2016) as internal
energy as well as external energy input are required by some systems that are temperature
sensitive. During the formulation of these systems heating is needed to provide phase
inversion and spontaneous emulsification occurs during cooling of the formulation. Heating of
SEDDS formulations during this study was necessary as it was the only procedure that
enabled complete phase inversion of clofazimine SEDDSs. Clear self-emulsification was

displayed after removing the formulations from heat.
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C.3 Materials
The materials needed to prepare the individual topical SEDDS formulations are portrayed in
Tables C.1-C.5.

Table C.1: Abbreviations, ratio of excipients and quantity of each excipient needed to

formulate 40 ml SEDDSs utilising argan oil

Ratio of excipients - -
Name of SEDDS (oil surfactant phase: waten Quantity of excipient
Argan ol 16.50 mi
Tween®80 11.80 ml
ARG 1 7:5:5
Span®60 11.80 mg
Water 11.80 mi
Argan oll 17.00 mi
Tween®80 11.50 ml
ARG 2 74:5:5
Span®60 11.50 mg
Water 11.50 mi
Argan oil 15.00 mi
Tween®80 10.00 ml
ARG 3 6:4:6
Span®60 10.00 mg
Water 15.00 ml
Argan oil 16.50 mi
Tween®80 7.10 ml
ARG 4 7:3:7
Span®60 7.10 mg
Water 16.50 mi
Argan oll 12,20 ml
Tween®80 8.30 ml
ARG 5 44:3:7
Span®60 8.30 mg
Water 19.40 mi
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Table C.2: Abbreviations, ratio of excipients and quantity of each excipient needed to

formulate 40 ml SEDDSs employing avocado oll

Ratio of excipients ; o
Name of SEDDS (oil: surfactant phase: waten Quantity of excipient
Avocado oil 16.50 ml
Tween®80 11.80 ml
AVO 1 7:5:5
Span®60 11.80 mg
Water 11.80 ml
Avocado oil 14.40 ml
Tween®80 12.80 ml
AVO 2 56:5:5
Span®60 12.80 mg
Water 12.80 ml
Avocado oil 15.00 ml
Tween®80 10.00 ml
AVO 3 6:4:6
Span®60 10.00 mg
Water 15.00 ml
Avocado oil 10.10 ml
Tween®80 9.00 ml
AVO 4 34:3:7
Span®60 9.00 mg
Water 20.90 ml
Avocado oil 16.50 ml
Tween®80 7.10 ml
AVO 5 7:3:7
Span®60 7.10 mg
Water 16.50 ml
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Table C.3: Abbreviations, ratio of excipients and quantity of each excipient needed to

formulate 40 ml SEDDSs including coconut oil

Ratio of excipients ; o
Name of SEDDS (oil: surfactant phase: water) Quantity of excipient

Coconut oil 18.90 ml
Tween®80 6.30 ml

CCT1 9:3:7
Span®60 6.30 mg
Water 14.70 ml
Coconut oil 18.90 ml
Tween®80 4.20 ml

CCT 2 9:2:8
Span®60 4.20 mg
Water 16.80 ml
Coconut oil 17.80 ml
Tween®80 4.40 ml

CCT 3 8:2:8
Span®60 4.40 mg
Water 17.80 ml
Coconut oil 18.90 ml
Tween®80 2.10 ml

CCT 4 9:1:9
Span®60 2.10 mg
Water 18.90 ml
Coconut oil 15.50 ml
Tween®80 2.50 ml

CCT5 6.3:1:9

Span®60 2.50 mg
Water 22.10 ml
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Table C.4: Abbreviations, ratio of excipients and quantity of each excipient needed to

formulate 40 ml SEDDSs comprising macadamia oil

Ratio of excipients ; P
Name of SEDDS (oil: surfactant phase: water) Quantity of excipient
Macadamia oil 16.50 ml
Tween®80 11.80 ml
MAC 1 7:5:5
Span®60 11.80 mg
Water 11.80 ml
Macadamia oil 15.90 ml
Tween®80 12.00 ml
MAC 2 6.6:5:5
Span®60 12.00 mg
Water 12.00 ml
Macadamia oil 15.00 ml
Tween®80 10.00 ml
MAC 3 6:4:6
Span®60 10.00 mg
Water 15.00 ml
Macadamia oil 16.50 ml
Tween®80 7.10 ml
MAC 4 7:3:7
Span®60 7.10 mg
Water 16.50 mg
Macadamia oil 12.20 ml
Tween®80 8.30 ml
MAC 5 4.4:3:7
Span®60 8.30 mg
Water 19.40 ml
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Table C.5: Abbreviations, ratio of excipients and quantity of each excipient needed to

formulate 40 ml SEDDSs containing olive oil

Ratio of excipients : -
Name of SEDDS (oil: surfactant phase: water) Quantity of excipient
Olive oil 16.50 ml
Tween®80 11.80 ml
oLV 1 7:5:5
Span®60 11.80 mg
Water 11.80 ml
Olive oil 16.00 ml
Tween®80 12.00 ml
OLV 2 6.7:5:5
Span®60 12.00 mg
Water 12.00 ml
Olive oil 15.00 ml
Tween®80 10.00 ml
OLV 3 6:4:6
Span®60 10.00 mg
Water 15.00 ml
Olive oil 16.50 ml
Tween®80 7.10 ml
OLV 4 7:3:7
Span®60 7.10 mg
Water 16.50 ml
Olive oil 12.20 ml
Tween®80 8.30 ml
OLV 5 4.4:3:7
Span®60 8.30 mg
Water 19.40 ml

C.4 Preparation of topical SEDDSs

First, Tween®80 and Span®60 were magnetically stirred and slightly heated to ensure uniform
distribution of surfactant and co-surfactant (Hong et al., 2016). Clofazimine was consecutively
weighed to formulate argan oil and coconut oil SEDDSs with a concentration of 0.2%; avocado
oil SEDDSs with a concentration of 0.6%; as well as macadamia oil and olive oil SEDDSs
containing 0.1% clofazimine. Next, the oil phase of each topical SEDDS formulation was

accurately measured in established quantities, as illustrated in Tables C.1-C.5. Clofazimine
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was added to each of the measured oil phases and subjected to sonication for a period of
2 min in order to properly dissolve the active ingredient in the oil phase prior to the addition of
the surfactant phase in the established ratios (Aparna et al., 2015; Prajapat et al., 2017).
Subsequently, these mixtures were continuously magnetically stirred for a period of 25 min to
ensure uniform clofazimine distribution (Parmar et al., 2015). The water titration method was
employed by adding small increments of distilled water to the mixture (Aparna et al., 2015).
Water was slowly incorporated, with waiting periods in between water additions, until the fixed
amount of water required by each formulation was completely added. The SEDDSs were left
to cool down prior to closing the lids of the glass containers. Thereafter, the topical SEDDS
formulations were stored at room temperature (25°C £ 0.5°C) for the duration of 24 h prior to
visual examination (Sanka et al., 2016; Parmar et al., 2015).

C.5 The day succeeding topical SEDDS formulation

All of the formulated SEDDSs were visually inspected for phase separation or any change in
appearance that portrays an unstable emulsion (Sanka et al., 2016; Parmar et al., 2015).
SEDDSs formulated with argan oil delivered two formulations with clear phase separation
(i.,e. ARG 2 and ARG 4) as visible in Figure C.4, whereas only AVO 1 SEDDS that included
avocado oil was considered instable. Interestingly, SEDDSs manufactured with avocado oil
delivered nearly black formulations. For this reason, it proofed difficult to clearly illustrate
phase separation of AVO 1 in Figure C.5.

ngﬂ e 4 ‘_7

Figure C.4: SEDDSs containing argan oil as the oil phase, where ARG 1 to ARG 5 are from
right to left. ARG 2 and ARG 4 are undoubtedly considered instable as phase

separation is distinctly visible
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Figure C.5: AVO 1 SEDDS comprising avocado oil illustrating phase separation

All coconut oil containing SEDDSs displayed undisputable phase separation as demonstrated
in Figure C.6. Macadamia oil SEDDSs formulations, on the other hand, only produced one
SEDDS that was considered instable due to phase separation (MAC 4) as seen in Figure C.7.
Lastly, SEDDSs formulated with olive oil rendered one formulation with visible phase

separation (i.e. OLV 4) as observed in Figure C.8.

Figure C.6: Coconut oil SEDDSs (CCT 1-5) displaying instability due to phase separation

e i

Figure C.7: Macadamia oil SEDDSs (MAC 5-1) where phase separation is clearly observed
with only MAC 4 SEDDS, indicating instability. The other MAC SEDDSs are

considered stable
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Figure C.8: SEDDSs containing olive oil as the oil phase, where OLV 1 to OLV 5 are from
right to left. Only OLV 4 SEDDS depicted phase separation

Due to phase separation obtained with the ARG 4, CCT 4, MAC 4 and OLV 4 SEDDSs, these
formulations were not considered for any further characterisation and evaluation experiments.
All four of these SEDDS formulations were manufactured in a 7:3:7 ratio
(i.e. oil phase: surfactant phase: water) where both the oil and water phases were included in
equal quantities. Thus, a possible explanation may be provided for the instability of these
SEDDSs.

Stable emulsions normally consist of two immiscible phases that are in a state of equilibrium
(Gupta et al., 1999). Coalescence of droplets in emulsions are driven by interfacial tension.
Hence, surfactants must be included to establish stable emulsion formation by decreasing
interfacial tension between the two immiscible phases (Gupta et al., 1999). Two mechanisms
are utilised to establish decreased interfacial tension, namely: electrical double layer formation
(stabilisation is achieved by charge on droplets) and the formation of protective layers (steric
stabilisation on droplets) (Gupta et al., 1999). An ionic surfactant achieves stabilisation by
inducing a charge by means of adsorption of ions or polyelectrolytes at the surface of droplets.
This mechanism of emulsion stabilisation facilitates flocculation prevention of similarly
charged droplets. Additionally, ionic surfactants also retard drainage of the liquid film due to
the electro viscous effect (Bhamla et al., 2017; Gupta et al., 1999). The electro viscous effect
refers to the electrostatic attraction between flowing films as well as liquid interfaces
(Gupta et al., 1999). In contrast, non-ionic surfactants employ steric stabilisation of droplets
by preventing mass transport from crossing interfaces by creating a protective layer on the
surface of droplets. Therefore, non-ionic surfactants, which were utilised in this study, are
known to be less efficacious when compared to ionic surfactants (Amiri-Rigi & Abbasi, 2016;
Gupta et al., 1999). Substitution of a non-ionic surfactant such as Tween®80 for an ionic
surfactant can consequently improve emulsion stabilisation (Gupta et al., 1999). However,
one must bear in mind that ionic surfactants are more prone to dermal irritation
(Kiselmann et al., 2018; Kaur & Mehta, 2017; Otto et al., 2009). For this reason, it was opted
in the study not to investigate varying the type of surfactants, but rather to further explore the
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viable SEDDSs procured during formulation as the non-ionic surfactants will circumvent

possible skin discomfort.

The role fulfilled by the co-surfactant is to increase flexibility of the interfacial film to further
promote penetration of the dispersed phase into the continuous phase (Guram et al., 2015).
Thus, the addition of co-surfactants further improves the emulsification capacity of surfactants
by reducing interfacial tension (Kamal & Nazzal, 2018). Tubtimsri et al., (2014) investigated
the most favourable hydrophilic-lipophilic balance (HLB) value for modified coconut oil.
Various ratios of surface active agents, Span®80 and Tween®80, rendered HLB values ranging
from 4.3to 15. A HLB value of 12 was deemed most stable in terms of reduced size distribution
as well as decreased droplet size. The combination of Tween®80 and Span®80 was utilised to
obtain an HLB value of 12. Hence, Span®80 can be substituted for Span®60 in order to
possibly improve the stability of coconut oil SEDDSs.

As stated beforehand, ARG 2 and AVO 1 topical SEDDS formulations also demonstrated
instability. The SEDDSs component ratios of these SEDDSs are approximately similar; i.e. the
ratios utilised to formulate ARG 2 and AVO 1 are: 7.4:5: 5 and 7: 5: 5 (oil:surfactant:water
phases), respectively. In these cases, the oil phase is included in the highest concentration
ratio, whereas one can reason that the surfactant phase concentration is equal to the amount
of water included. Thus, a notably high surfactant content was included into these SEDDS
formulations. Moreover, the possibility of bicontinuous emulsion formation is enhanced by an
increased surfactant concentration (Marquez et al., 2019). If one pays attention to the
hypothetical pseudo-ternary phase diagram (Figure B.2), displayed in Annexure B, the
bicontinuous emulsion region is located at approximately the same position where
formulations ARG 2 and AVO 1 were chosen to be formulated at (Ranietal., 2019;
Hegde et al., 2013).

Bicontinuous emulsions can be defined as particle-stabilised emulsions consisting of two
continuous phases with sustained inter-penetration between the phases (Cai et al. 2017).
According to Amiri and Abbasi (2016) non-ionic surfactants are almost without exception too
weak to sustain decreased interfacial flexibility by themselves. Hence, the choice of co-
surfactant is vital when utilisihng a non-ionic surfactant such as Tween®80
(Amiri & Abbasi, 2016). Marquez et al., (2019) mentioned the possibility of having all the
surfactant trapped in the middle-phase of the bicontinuous emulsion, which in turn could
explain the instability of these emulsions. The consequence of having surfactant trapped in
the middle-phase of a bicontinuous emulsion is that the emulsion is behaving as if no
surfactant is available to stabilise either oil or water droplets. Therefore, phase separation

occurs as no surfactant is available to decrease interfacial tension (Marquez et al., 2019).
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C.6 Conclusion

It was indeed possible to formulate at least 15 different topical SEDDS formulations comprising
different oil: surfactant: water phases. These formulations did not display any visual phase
separation after a period of 24 h. Thus, these 15 topical SEDDS formulations will be subjected
to characterisation and evaluation experiments in order to establish which SEDDS
formulation(S) is/are deemed most suitable for topical application.
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Annexure D

Characterisation of topical self-emulsifying drug delivery systems

D.1 Introduction

Factors that significantly contribute toward optimised topical drug delivery are:
physicochemical properties of the incorporated drug, physiology of the site of application as
well as the chosen drug delivery system (Roohnikan etal., 2019; Shu et al., 2018;
Kathe & Kathpalia, 2017). Due to the physicochemical properties of clofazimine rendering
topical drug delivery  challenges  (Sangana et al., 2018; Marwah et al., 2016;
Bolla & Nangia, 2012; Naik et al., 2000; Peters et al., 2000), one should also consider the
unique physiological characteristics of the skin and the importance of the type of the drug
delivery system in order to formulate an optimum dosage form. This can be achieved through
examining which properties or behaviour exhibited by this system will contribute toward
optimised topical drug delivery of the highly lipophilic clofazimine (Riaz et al., 2019;
Roohnikan et al., 2019; Sangana et al., 2018; Shu et al., 2018; Kathe & Kathpalia, 2017).
Hence, characterisation of the 15 different topical SEDDS formulations containing different
oil: surfactant: water phases, that did not exhibit phase separation after 24 h when visually
inspected, was conducted. Characterisation experiments included determination of the droplet
size; measurement of zeta-potential; size distribution; robustness of SEDDSs to dilution;
evaluation of self-emulsification capacity; time required to enable self-emulsification; viscosity
measurement; cloud point assessment; thermodynamic stability studies; and measurement of
pH values. The obtained results are displayed and discussed in Annexure D in order to
eliminate topical SEDDS formulations that displayed unfavourable physical properties prior to

conducting membrane release and dermal diffusion studies.
D.2 Characterisation of topical SEDDS formulations

D.2.1 Droplet size, size distribution and zeta-potential

Performance of SEDDSs are substantially influenced by droplet size, droplet size distribution
and zeta-potential (Ujilestari et al., 2018; Balata et al., 2016; Mahapatra et al., 2014).
Ujilestari et al (2018) described size characterisation as one of the most significant
assessments performed during the development of SEDDSs as droplet size predicts not only
drug release from the SEDDSs, but also the stability of the formulations (Zaichik et al., 2018).
Moreover, multiple studies have concluded that a decreased droplet size notably enhanced
dermal drug delivery (Hardiningtyas et al., 2019; Kaur & Ajitha, 2019; Zhou et al., 2018;
Su et al., 2017; Lovelyn & Attama, 2011). Kaur and Ajitha (2019) concluded that a decreased
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droplet size facilitates faster, as well as more significant drug permeation. However, one must
bear in mind that an increased surfactant concentration together with a decreased droplet size
are associated due to reduced interfacial tension, facilitated by the surface active agents, that
enable finer droplet formation (Ali & Hussein, 2017; Akula et al., 2014; Otto et al., 2009).
Additionally, surface active agents are capable of SC lipid disruption; and increased
concentrations of these compounds will render decreased droplet sizes as well as penetration
enhancement, followed by elevated dermal drug delivery (Abdel-Messih et al., 2019;
Otto et al., 2009).

Droplet size, droplet size distribution and zeta-potential of topical SEDDSs were thus
investigated through employing dynamic light scattering performed by a Zetasizer Nano® ZS
(Malvern® Instruments Ltd., Worcestershire, United Kingdom) at a maintained temperature of

25°C. The results obtained for droplet size are illustrated in Figure D.1.
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Figure D.1:  Droplet size displayed by topical SEDDS formulations

As exhibited in Figure D.1, most of the topical SEDDSs are classified within the micro-sized
range, i.e., 100-250 nm (Rani et al., 2019). However, some SEDDS formulations displayed
larger droplet sizes that exceed the micro-sized range (Rani et al., 2019). Hence, formulations
ARG 5, AVO 3, MAC 5, OLV 1 and OLV 3 were not considered for membrane release, and
dermal diffusion studies as these SEDDS formulations neither belong to the nano- nor micro-
sized range (Rani et al., 2019). Contradictory, formulations ARG 1, AVO 2 and AVO 5
exclusively fall within the nano-sized range (i.e. <100 nm). These nano-sized SEDDS
formulations are favoured as decreased droplet size renders an increased surface area

available for absorption; and it furthermore contributes towards Iymphatic uptake
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(Syukri et al., 2018; Dokania & Joshi, 2015). Dokania and Joshi (2015) identified the range for
subcutaneously injected particles suitable for lymphatic uptake as between 80-100 nm.
Interestingly, AVO 5 is classified as a hano-sized formulation even though this formulation did
not contain an increased surfactant concentration as exhibited in Annexure C, Table C.2.
Smaller droplets are known to contribute toward increased emulsion stability because smaller
droplets are less prone to droplet cohesion and subsequent phase separation
(Ishii & Nill, 2014).

In order to confirm the predicted stability of the SEDDS formulations, measuring the zeta-
potential is frequently employed (Liang et al., 2017). Zeta-potential identifies the charge
observed on droplet surfaces within the dispersion medium (Kaur & Ajitha, 2019). The
measured value is indicative of the extent of electrostatic repulsion that exists between
droplets within the dispersion (Gupta & Trivedi, 2018). These repulsion forces contemplate
the ease with which small droplets tend to coagulate in order to form larger droplets
(Gupta & Trivedi, 2018). For these reasons, increased zeta-potential values portray elevated
electrostatic repulsion instead of attraction between droplets, and therefore, increased stability
of SEDDS formulations (Ding et al., 2018). Literature has established that the ideal zeta-
potential value is >30 mV or <-30 mV for stable emulsions (Sharma et al., 2014). However, a
small deviation is allowed as research concluded that emulsions subjected to both steric and
combined electrostatic stabilisation, as facilitated by Tween®80, with a minimum zeta-potential
value of -20 mV, can be considered acceptable (Gupta & Trivedi, 2018; Zafeiri et al., 2017).
Therefore, the software of the Zetasizer Nano ZS Malvern Instruments (Worcestershire,
United Kingdom) specify that all SEDDS formulations with a zeta-potential of <-20 mV could
be considered stable formulations. These zeta-potential results achieved for the selected

SEDDS formulations are depicted in Figure D.2.
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Figure D.2: Zeta-potential measured for SEDDS formulations

As seen in Figure D.2 all SEDDSs formulations complied with the criteria set for zeta-
potential. However, avocado oil SEDDSs displayed notably higher zeta-potential values
compared to SEDDS formulations containing argan-, macadamia- and olive oil. As stated,
zeta-potential values lower than -30 mV are known to render highly stable formulations
(Krsti¢ et al., 2018). Therefore, SEDDS formulations including avocado oil could be

considered the most stable formulations in this study.

What is more, Gumustas et al (2017) stated that pH has a definite influence on zeta-potential.
As seen in Section 2.8 of Annexure D avocado oil SEDDSs showed remarkably decreased
pH values compared to other SEDDS formulations. Moreover, zeta-potential is not only
indicative of formulation stability, but it also portrays the possible extent of drug permeation
(Carter et al., 2019; Gumustas et al., 2017). Considering the fact that skin surface has a net
negative charge, it is conceivable that positively charged formulations might exhibit increased
diffusivity (Carter et al., 2019). This increased diffusivity can be linked to increased affinity
between the skin surface and the applied formulation (Gumustas et al., 2017). However,
without exception, all SEDDS formulations produced in this study are negatively charged due
to the presence of free fatty acids as provided by the inclusion of plant based oils
(Umerska et al., 2016). Nonetheless, plant based oils are included to enhance dermal drug
delivery due to skin penetration enhancement effects (Lin et al., 2018; Vaughn et al., 2018;
Viljoen et al., 2015). The penetration enhancement effects established by plant based oils are
due to mechanisms such as lipid disruption of the SC and lipid fluidisation, that facilitate
reversible changes to the SC and in turn increase drug permeation into the skin (Lane, 2013).
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Therefore, the negatively charged SEDDSs can still possibly establish topical drug delivery;

probably just in a slower fashion than a positively charged formulation (Carter et al., 2019).

A uniform size distribution of droplets within dispersions is likewise an indication of the stability
of the said formulations and is determined by utilising the polydispersity index (PDI)
(Kaur & Ajitha, 2019). A PDI value of 0.0 is deliberated a perfectly homogenous sample,
whereas a PDI value of 1.0 is deemed a sample of high polydispersity (Danaei et al., 2018).
However, PDI values ranging from 0.05-0.7 are considered acceptable in the pharmaceutical
industry (Danaei et al., 2018). However, no fixed PDI criteria are recognised for dermal drug
delivery with the exceptions of lipid based carrier systems (PDI < 0.3) and polymer-based
nanoparticles (PDI < 0.2) destined for transdermal drug delivery (Danaei et al., 2018).
Moreover, a PDI value exceeding 0.7 does not necessarily portray unpredictable drug release
(Danaei et al., 2018). Additionally, a PDI value of 0.7 can indicate that the dynamic light
scattering technique is not suitable for analysis of this sample and employment of microscopic
observations can prove beneficial as this technique does not take morphology and individual
shapes of particles into consideration (Danaei et al., 2018). Therefore, a highly polydispersed
sample can be considered unsuitable although small particles are present in oval or cylindrical
shapes; these particles are only significantly closely packed together, and can thus be
perceived as one large particle (Danaei et al., 2018). The only clear fact remains that a PDI
value nearing 1.0 indicates unpredictable dermal drug delivery as divergent droplet size
populations are present within the applied formulation and controlled drug delivery cannot be
guaranteed (Danaei et al., 2018). Thus, it was decided to consider all SEDDS formulations,
except those that obtained a PDI value of 1.0. The PDI values acquired for the various SEDDS

formulations are exhibited in Figure D.3.
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Figure D.3:  Polydispersity index values obtained for SEDDS formulations

As observed in Figure D.3 formulations ARG 5, AVO 4, AVO 5, MAC 5, OLV 1, OLV 2 and
OLV 3 rendered a PDI value of 1.0 and were consequently deemed unsuitable for further

investigation.

D.2.2 Robustness to dilution

Robustness to dilution displays the ability of SEDDSs to withstand drug precipitation and
phase separation upon dilution (Nasr et al., 2016). If SEDDSs are considered in terms of oral
drug delivery, this test is of importance as these formulations will be exposed to gastric fluids
and therefore dilution (Dokania & Joshi, 2015). However, during dermal drug delivery the
focus will shift towards robustness to pH upon mild dilution as the SEDDS formulations will
not be exposed to similar amounts of fluids during dermal drug delivery; even more so, if the
aim is to achieve topical drug delivery instead of utilising the transdermal route to achieve
systemic drug delivery. Nonetheless, topically delivered formulations might be exposed to
sweat and pH changes throughout skin layers  (Sheshala et al., 2019;
Marghetts & Sawyer, 2007). The pH at the surface of the SC ranges from 4.5 to 5.0, but
approaches a neutral pH value in the final fractions of the SC, just before reaching the
underlying epidermis (Sheshala et al., 2019). Therefore, it was decided to determine the
robustness of the topical SEDDSs upon dilution in fluids of various pH values. The dilution
fluids of choice were: distilled water, phosphate buffer solution (PBS) with an adjusted pH of
5, to resemble the pH of the skin surface, and PBS with an altered pH value of 7.4 as to mimic
the pH value just before entering the epidermis. The SEDDSs were diluted 100 fold within the
aforementioned fluids and these diluted SEDDS formulations were retained at an ambient
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temperature of 25°C for a period of 24h prior to visual examination (Aparna et al., 2015;

Czajkowska-Kosnik et al., 2015). The visual observations are displayed in Table D.1.

Table D.1: Phase separation displayed by SEDDSs after a period of 24 h at a temperature

of 25°C
SEDDS onation with | Dilution with PBS | Dilution with PBS
formulation (pH of 5.8) (pH of 5) (pH of 7.4)
ARG 1 v v v
ARG 3 x v v
ARG 5 x x x
AVO 2 x v v
AVO 3 v v v
AVO 4 v X v
AVO 5 x x X
MAC 1 x v v
MAC 2 v v v
MAC 3 v x X
MAC 5 v x X
oLV 1 x v v
OLV 2 x x x
oLV 3 x x x
OLV 5 v v v

Data is presented as passed (v') or failed (x)

As demonstrated by Table D.1, formulations ARG 5, AVO 5, OLV 2 and OLV 3 displayed
complete phase separation after the 24 h storage period. Therefore, these topical SEDDS
formulations could not be considered for membrane release and dermal diffusion studies as
they are clearly sensitive towards dilution within different pH environments. In contrast,
formulations ARG 1, AVO 3, MAC 2 and OLV 5 exhibited perfect robustness toward both
dilution and change in pH. Additionally, formulations such as ARG 3, AVO 2, MAC 1 and
OLV 1 showed robustness toward variable pH environments, but failed to withstand phase

separation when diluted with distilled water.
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The most noteworthy fluid these topical SEDDS formulations will have contact with is sweat
(Margetts & Sawyer, 2007). Promphet et al (2019) described sweat content as water
containing decreased quantities of electrolytes, metabolites, small molecules and proteins with
a pH range of 4.0-6.5. The fact that formulations ARG 3, AVO 2, MAC 1 and OLV 1 did not
display any phase separation after dilution with PBS having a lower pH of 5; or PBS with a pH
of 7.4, they could still be regarded for membrane release and dermal diffusion studies. This
decision is based on the understanding that these formulations revealed robustness toward
pH ranges that comply with the set pH range for sweat; and that the human sweat rate is not
evenly distributed over the whole skin surface (Promphet et al., 2019; Patterson et al., 2000).
Salvo et al (2018) reported that the average sweat rate of a healthy individual is approximately
500—-700 ml daily as established over the entire surface of the body. If the daily average sweat
rate value is compared to the sweat rate over a period of one hour, the average sweat rate is
in the region of 20.333-29.167 mi/h. Moreover, an excessive sweat rate, as brought about by
intensive exercise, is quantified at 58.333 ml/h, which still does not render a similar volume of
99 ml as was performed during the dilution test (Salvo et al., 2018). Hence, robustness
towards pH values similar to skin surface and pH values resembling physiological pH values

were deemed sufficient for this characterisation test.

D.2.3 Assessment of efficiency of self-emulsification

Assessment of self-emulsification is often referred to as the dispersibility test
(Chaudhari & Akamanchi, 2019; Vasconcelos et al., 2019; Nasr et al., 2016). For the purpose
of characterising SEDDSs intended for oral drug delivery, this experiment implies the possible
in vitro performance that can be expected from the tested SEDDSs (Nasr et al., 2016). Rapid
emulsification is a desirable property, if exhibited by SEDDSs destined for oral drug delivery
as spontaneous emulsification is the rate limiting step that must be completed before
successful absorption can occur (Nasr et al., 2016). However, in terms of topical drug delivery,
the rate limiting step for most drugs is diffusion through the lipophilic, outermost skin layer
(Parhi & Swain, 2018; Lane, 2013). Contact time is highly important during dermal drug
delivery as sufficient exposure of the drug to the skin must be facilitated in order to establish
dermal drug diffusion (Rohrer etal., 2018; Kathe & Kathpalia, 2017). Therefore, this
assessment was conducted to determine the ability of SEDDSs to withstand exposure to moist
environments. This characteristic is essential as the occlusive effect of topically applied
products can be interrupted if SEDDS formulations are influenced by the presence of external
water addition such as sweat secretion or exposure of the skin to water while topical SEDDSs
are applied (Margetts & Sawyer, 2007). The following grading system was utilised to
categorise the SEDDS formulations (Chaudhari & Akamanchi, 2019):
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Grade A Swift emulsion formation, demonstrating a clear/bluish appearance (60 s)

Grade B Swift formation of emulsion, which appears bluish (60 s)
Grade C Emulsion displays fine milky appearance (120 s)
Grade D Dull, greyish white appearance with an additional oily appearance together

with slow emulsification, (>120 s)

Poor or minimal emulsification noted with large oil droplets noticed on the

Grade E
surface

According to the grading system, SEDDS formulations that received a C or D grading could
be deemed suitable for dermal drug delivery. On the other hand, SEDDS formulations that
displayed poor or minimal emulsification, with consequent E-grading, were discarded in terms
of further investigation as slow emulsification is desired and a complete inability to self-
emulsify should be avoided. Furthermore, SEDDS formulations that reveal rapid emulsification
and received an A or B grading were also considered unsuitable as these topical SEDDS
formulations can easily be washed away by sweat or external water exposure and in turn
decrease occlusive effects that enhance dermal drug delivery (Keurentjes & Maibach, 2019;
Kathe & Kathpalia, 2017).

The efficiency of spontaneous emulsification, once exposed to large volumes of aqueous
media, was assessed by employment of a type Il Distek 2500 dissolution system apparatus
(North Brunswick, United States of America). This experiment was performed by addinga 1 ml
sample of each SEDDS formulation to 100 ml distilled water. A temperature of 32°C + 0.5°C,
similar to the surface temperature of skin, was maintained while subjected to moderate
agitation that was facilitated by a set paddle speed of 50 rpm. Subsequently, upon visual
observation, the self-emulsification time of each SEDDS formulation was noted as the time
required to form a distinct homogenous dispersion after dilution (Heylings et al., 2018;
Czajkowska-Kosnik et al., 2015). The time exhibited by individual SEDDS formulations are
presented in Table D.2, together with the grading received by these topical SEDDS

formulations.
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Table D.2: Self-emulsification time and emulsion grading exhibited by topical SEDDS
formulations

Formulations Grade of emulsion Time (s)
ARG1 D 499
ARG3 D 482
ARG5S D 423
AVO2 D 423
AVO3 D 131
AVO4 D 130
AVO5 D 430
MAC1 D 374
MAC2 D 346
MAC3 D 181
MAC5 B 59
OLVv1 D 393
OLVv2 D 385
OLV3 D 247
OLV5 C 90

As seen in Table D.2, the majority of the tested SEDDS formulations received a D-grading
that is indicative of improved occlusive effects as slow emulsification occurred. Interestingly,
the OLV 5 SEDDS formulation displayed swift emulsification compared to the other SEDDS
formulations with a self-emulsification time of 90 s, rendering formulation OLV 5 with a C-
grading. Formulations such as OLV 5 might exhibit decreased occlusive effects as these types
of formulations are more easily washed away from the skin surface. Only one SEDDS

formulation, MAC 5, failed the set criteria due to receiving a B-grading. This SEDDS
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formulation also failed the robustness to dilution test. Thus, the rapid emulsification time of

MAC 5 can be considered unstable behaviour if deliberated for dermal drug delivery.

D.2.4 Self-emulsification time

It is frequently stated that self-emulsification is facilitated by an inert low interfacial energy that
exists between components of emulsions (Dizdarevi¢ et al., 2019; Gongalves et al., 2018;
Solans et al., 2016; Zhang et al., 2015; Akula et al., 2014). However, the free energy required
to enable spontaneous emulsification can be influenced by the extent at which the surfactant
decreases the tension present between the aqueous- and oil phases; and in turn dictates
change in entropy (Shahnaz et al., 2011). However, analyses of the self-emulsification time
experiments displayed contradicting results as increased surfactant concentrations rendered
shortened emulsification times. Soalns et al (2016) stated that spontaneous emulsification can
occur instantaneously or be prolonged, depending on kinetic barriers present between the
various SEDDS components. According to the same authors, kinetic barriers can be reduced
by application of heat or moderate agitation (Solans et al., 2016). Therefore, definite kinetic
barriers are present as SEDDS formulations prepared during this study required an increase
in temperature, followed by cooling afterwards to achieve self-emulsification. Eid et al (2014)
however reported an increased viscosity upon enhanced surfactant concentrations; and

subsequent difficulty to self-emulsify.

D.2.5 Viscosity

Viscosity refers to internal friction present within fluids that can provide resistance against flow
and spontaneous emulsification (Perazzo et al., 2015; Eid et al., 2014). Thus, increased
viscosity is indicative of strong attraction forces that exist within the fluid itself (Li et al., 2019);
whereas, decreased viscosity portrays the presence of reduced attraction forces within a fluid
(Lietal., 2019). These attraction forces are sensitive toward changes in temperature
(Akilu et al., 2019). Therefore, reduced temperatures will render increased viscosity and
elevated temperatures will facilitate enhanced viscosity (Akilu et al., 2019). Structural changes
of reversible as well as irreversible nature can be induced by the flow of dispersions
(Mewis & Wagner, 2009). Therefore, the measurement of viscosity is considered important for
the purpose of predicting flow-facilitated structural changes that can influence formulation

stability as well as topical drug delivery (Mendonsa et al., 2019; Mewis & Wagner, 2009).

Flow behaviour of fluids can be classified as Newtonian or non-Newtonian
(Kazemian et al., 2012). Newtonian fluids exhibit unchanged viscosity values despite being
exposed to different shear rates (Kazemian et al., 2012); whereas the viscosity of non-
Newtonian fluids is influenced by shear rate (Kondratiev & Ilyushechkin, 2018). Moreover,

non-Newtonian fluid behaviour can be categorised as either time dependant (i.e. thixotropic-
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and rheopexy fluids) or time independent (i.e. pseudo-plastic-, dilatant- and visco-elastic
fluids) (Pietrzyk et al., 2019; Kondratiev & Ilyushechkin, 2018, Ding et al., 2013;
Kazemian et al., 2012). In this study viscosity experiments were conducted once off where the
formulations were exposed to altered spindle speeds in order to generate a viscosity profile.
Hence, no conclusion could be drawn for time dependant behaviour of the selected topical
SEDDS formulations.

Viscosity readings were obtained utilising a Brookfield® Viscometer model DV-II+ (Stoughton,
United States of America). Samples of approximately 10 ml of each SEDDS formulation were
placed in a water bath at a maintained temperature of 25+ 0.5°C, prior to viscosity
experiments so as to exclude the influence of temperature on the rheology of the SEDDSs.
The temperature of the water bath was regulated by a Brookfield® temperature controller
(Bharadwaj et al., 2019). Viscosity of the selected SEDDS formulations was measured
employing different spindles. Each spindle was tested for the purpose of finding a spindle that
rendered sufficient torque values as influenced by the consistency of topical SEDDS
formulations. The spindles employed during this study are listed in Table D.3.

Table D.3: Spindles employed to determine viscosity of the various SEDDS formulations

Type of spindle Topical SEDDS formulations

SC4-34 LV ARG 5

SC4-25 LV ARG 1, ARG 3, AVO 2, AVO 3, AVO 5, MAC 5, 0LV 5
T-bar F LV MAC 1, MAC 2, 0LV 1, OLV 2

T-bar E LV AVO 4, MAC 3,0LV 3

As displayed in Table D.3 all measurements occurred within the LV torque range. During this
test, the Helipath stand D20733 raised and lowered the viscometer in a slow fashion at a rate
of 7/8-inches/min. The spindle rotated within the SEDDS formulations while the viscometer
was slowly lowered and raised. Spindles were carefully immersed in order to avoid fluid
disturbance while paying close attention that the spindle did not come into contact with the
bottom of the container (Bharadwaj et al., 2019). Readings were noted every 10 sec for a
period of 5 min at various shear rates (5; 10; 20; 30; 60; 100 rpm). An average was calculated
from the approximate 30 readings obtained at each shear rate. The viscosity profiles of the
tested topical SEDDS formulations are illustrated according to the calculated average values

at the set spindle speed as displayed in Figures D.4-D.8.
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Figure D.4: Viscosity readings observed for SEDDSs comprising argan oil

As seen in Figure D.4 the viscosity profile of argan oil SEDDSs only exhibited viscosity
readings observed at spindle speeds of 5, 10, 20 and 40 rpm. The ARG 5 SEDDS did not
render satisfactory torque values or viscosity measurements above a speed of 40 rpm. Hence,
the viscosity profile was only constructed by utilising viscosity readings obtained at the
aforementioned spindle speeds. The inability to obtain sufficient torque values for spindle
speeds of 60 and 100 rpm for the ARG 5 SEDDS can be linked to a phenomenon known as
dilatancy or a shear thickening fluid behaviour (Ding et al., 2013; Kazemian et al., 2012). A
dilatant fluid refers to increased viscosity of a liquid as facilitated by enhanced stirring rates
(Pietrzyk et al., 2019; Ding et al., 2013). Consequently, upon visual observation, during the
viscosity experiments, apparent solidification of the ARG 5 SEDDS occurred that established
a clay-like appearance. This observation is suggestive of volume expansion and frictional
interactions that occur between particles (Chen et al., 2017); and this phenomenon transpires
due to disruption of particle arrangement within the formulation (Chen et al., 2017;
Ding et al., 2013). Kazemian et al (2012) stated that void spaces are readily present within
dilatant fluids, but these void spaces do not cause any disturbance during rest conditions as
the liquid present within the fluid itself sufficiently furnish voids. In contrast, once exposed to
increased shear rates volume expansion of the fluid will transpire due to insufficient amounts

of liquid present to fill the void spaces (Ding et al., 2013; Kazemian et al., 2012). As the formed
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void spaces remain present within the formulation, resistance towards stirring remains
problematic (Kazemian et al., 2012). The critical shear rate is inversely related to droplet size
observed within the fluid (Fall et al., 2012). Therefore, increased droplet size can attribute
towards dilatancy at decreased shear rates (Fall et al., 2012). Moreover, the ARG 5 SEDDS
depicted the third highest droplet size during characterisation of the selected topical SEDDS
and therefore provides a possible explanation for the flow behaviour displayed by this

formulation.

Dilatancy mimics characteristics that correlate with flocculation during storage of SEDDS
formulations (Dickinson, 2019; Rognon et al., 2011, Starov & Zhdanov, 2003;
Bergstrom, 1998). Subsequently, dilatancy is an unwanted characteristic and the ARG 5
SEDDS could, for these reasons, not be considered for membrane release and dermal
diffusion experiments. As depicted in Figure D.4 the ARG 3 SEDDS displayed drastically
decreased viscosity upon increased stirring speeds. On the other hand, the ARG 1 SEDDS
displayed only modestly reduced viscosity values when compared to the ARG 3 SEDDS. Both
these formulations could nonetheless be categorised as non-Newtonian fluids of a pseudo-
plastic nature as their viscosity profiles displayed decreased viscosity upon increased stirring
rates (Ding et al., 2013).

As visible in Figure D.5 the AVO 3 and AVO 5 SEDDS formulations demonstrated viscosity
readings that fluctuated minutely when compared to viscosity readings obtained for the AVO 2
and AVO 4 SEDDS formulations. A possible explanation can be found in the ratio excipients
included in the AVO 2 and AVO 3 SEDDS formulations. The agueous and oil phases were
included in equal quantities in both formulations, as exhibited in Table C.2 of Annexure C.
Contrary, the ratios of oil to surfactant are 7: 3 and 6: 4 for the AVO 5 and AVO 3 SEDDS
formulations, respectively. The AVO 5 SEDDS displayed increased viscosity despite a slightly
reduced surfactant concentration. Hence, the influence of the oil phase on the viscosity of
SEDDSs cannot be overlooked (Nowak et al., 2016). Both the AVO 2 and AVO 4 SEDDS
formulations depicted pseudo-plastic behaviour as a decreased viscosity was observed when

the SEDDSs were exposed to increased stirring speeds (Ding et al., 2013).
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Figure D.5:  Viscosity readings observed for SEDDSs comprising avocado oil
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Figure D.6: Viscosity readings observed for SEDDSs comprising macadamia oil

Figure D.6 illustrates increased viscosity readings for both SEDDS formulations MAC 1 and
MAC 2 as probably facilitated by increased surfactant concentrations (Eid et al., 2014).
Moreover, the MAC 3 and MAC 5 SEDDS formulations demonstrated decreased viscosity

values for all the shear rates tested, possibly due to the lower surfactant phase concentrations

197



(Eid et al., 2014). Therefore, indicating that macadamia oil SEDDSs rendered pseudo-plastic
flow behaviour (Ding et al., 2013).
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Figure D.7:  Viscosity readings observed for SEDDSs comprising olive oil

If Figure D.7 is compared to Figures D.4-D.6, the olive oil SEDDSs exhibited clear flow
behaviour that correlate with the surfactant concentration included in these formulations. As
seen in Table C.5 of Annexure C olive oil SEDDSs can be ranked from highest to lowest
surfactant content as follow: OLV 1>0LV 2>0LV 3>0LV 5. Thus, the viscosity results of the
olive oil SEDDSs can definitely be linked to the extent of surfactant phase inclusion. Moreover,
Eid et al (2014) established similar findings upon increased and decreased surfactant
concentrations. However, the influence of the selected plant based oil, incorporated in different
SEDDS formulations cannot be ignored as indicated by Figure D.8. This figure demonstrates
the influence of the oil phase on the observed viscosity for the ARG 3, AVO 3, MAC 3 and

OLV 3 SEDDS formulations with similar ratios of oil: surfactant phase: water (6: 4: 6).
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Figure D.8: Influence of various plant based oils on viscosity of SEDDSs

From this figure it is evident that the type of oil phase significantly influenced the flow behaviour
of these SEDDS formulations. The impact of plant based oils on viscosity can be ranked from
highest to lowest at a speed of 20 rpm as: olive oil > argan oil > macadamia oil > avocado oil.
Interestingly, argan oil SEDDSs depicted increased self-emulsification time as displayed in
Table D.2 as well as the highest viscosity of at speeds of 5 rpm and 10 rpm, respectively.
Therefore, increased viscosity probably influence the time required to facilitate spontaneous
emulsification (Eid et al., 2014). All SEDDS formulations depicted a non-Newtonian behaviour
of pseudo-plastic nature that can also be referred to as shear-thinning (Nguyen et al., 2017).
Shear thinning is a favourable property if displayed by topical formulations as it avoids the
occurrence of instantaneous skin injury during application of a formulation by means of rubbing
(Nguyen et al., 2017). Rubbing is assumed to enhance topical drug delivery due to lipid
disruption of the outermost skin layer (Nguyen et al., 2017). Moreover, as decreased viscosity
is established by increased shear rates, topical SEDDS formulations will depict similar
behaviour once rubbed onto the skin (Nguyen et al., 2017). Therefore, decreased viscosity
can facilitate improved spreadability and in turn establish treatment of a larger area of affected
skin (Nguyen et al., 2017). Additionally, as viscosity is sensitive towards changes in
temperature, cloud point experiments were conducted to investigate the temperature at which

each formulation exhibits dehydration of the included excipients.
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D.2.6 Cloud point determination

Cloud point refers to the temperature at which a SEDDS formulation is no longer capable of
preserving its self-emulsification properties (Akula et al., 2014). The loss of spontaneous
emulsification risks erratic drug release and irreversible phase separation
(Zupandic et al., 2017). This irreversible phase separation is caused by the dehydration of
ingredients as facilitated by increased temperatures (Ujilestari et al., 2018). Cloud point can
be visually observed as a sudden change in appearance from transparent to turbid
(AboulFotouh et al., 2018). Cloud point is especially significant when non-ionic, hydrophilic
surfactants are included in SEDDS formulations as these surfactants are no longer soluble in
the agqueous media after the cloud point is reached (Pouten, 1997). However, the presence of
oils and drugs can have an impact on the cloud point displayed by a surfactant (Pouten, 1997).

Consequently, the cloud point must be determined for each individual SEDDS formulation.

Topical SEDDS formulations were diluted (1:100) with distilled water. Hereafter, the samples
were placed in a water bath at a starting temperature of 25°C. The temperature was
moderately increased at 2°C/min until a cloudy appearance of the topical SEDDS formulations
was observed (Zupancic et al., 2017). The observed cloud point temperatures are noted in
Table D.4.
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Table D.4: Cloud point temperatures observed for topical SEDDSs

SEDDS formulation Cloud point temperature (°C)
ARG1 27.00
ARG3 34.00
ARG5 46.90
AVO2 40.00
AVO3 45.9
AVO4 44.00
AVO5 50.60
MAC1 31.90
MAC?2 32.50
MAC3 31.40
MAC5 36.00
OLVv1 34.80
OoLVv2 34.80
OLvV3 33.80
OLV5 35.90

As revealed in Table D.4, the various cloud point temperatures varied from 27.00°C to
50.60°C. In order to avoid dehydration of the SEDDS components at the skin surface, the
temperature at which cloud point is observed must exceed a temperature of 32°C in order to
be deemed suitable for topical drug delivery (Heylings et al., 2018). Therefore, SEDDS
formulations ARG 1, MAC 1 and MAC 3 were considered unsuitable for dermal application as
cloud point temperatures of only 27.00°C, 31.90°C and 31.40°C were acquired, respectively.
Concern might be raised about SEDDS formulations nearing 32.00°C, for example the MAC 2
SEDDS with a cloud point temperature of 32.50°C; the reason being that the cloud point

temperature is quite similar to skin surface temperature of 32.00°C (Heylings et al., 2018).
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However, Al-Sabagh et al (2011) stated that surfactants generally demonstrate optimal
effectiveness if utilised near to their cloud point. Nonetheless, the stability of SEDDS upon
exposure to different environments during handling, storage and transport should be

investigated. For this reason, thermodynamic stability experiments were conducted.

D.2.7 Thermodynamic stability studies

Emulsified systems can exhibit instabilities such as creaming, aggregation, flocculation,
Ostwald ripening and/or cracking during storage periods that lead to macroscopic phase
separation of these formulations (Liu et al., 2019). These unstable mechanisms are linked to
decreased contact between the lipid- and aqueous phases (Liu et al., 2019; McClements & Li,
2010). Therefore, surface active agents are included to enforce the stability of the dispersed
droplets (Liu et al., 2019; Roumpea et al., 2019; Priorkowski & McClements, 2014). The
stability of emulsified systems is dependent on the opacity and charge properties of the
interfacial membrane (Liu et al., 2019). However, surfactant inclusion cannot guarantee
physical stability of the emulsified system as surfactants add complexation to emulsified
systems by facilitating gradients of interfacial tension and alteration of droplet breakup
dynamics (Roumpea et al., 2019). Therefore, the physical stability of topical SEDDS
formulations was determined by exposing these formulations to thermodynamic stress
environments, for example, cycles of heating and cooling, as well as centrifugation
(Suvarna et al., 2017; Aparna et al., 2015; Czajkowska-Kos$nik et al., 2015).

First, heating and cooling were varied during six cycles (Aparna et al., 2015). This test was
performed through the exposure of the SEDDS formulations to temperatures of approximately
4°C and 45°C, respectively. SEDDS formulations were not exposed to one of these varied
temperatures for more than 48 h at a time. After removal from each environment, the SEDDS
formulations were visually inspected for phase separation or drug precipitation (Czajkowska-
Kosénik et al., 2015). Next, the SEDDS formulations were subjected to centrifugation at
3 500 rpm for 30 min (Suvarna et al., 2017; Aparna et al., 2015). Succeeding centrifugation,
the SEDDS formulations were visually examined for indications of phase separation, cracking
and/or creaming (Suvarna et al., 2017). The thermodynamic stability results acquired for these

topical SEDDS formulations are presented in Table D.5.
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Table D.5: Thermodynamic stability results acquired for SEDDS formulations

SEDDS formulation Heat-cool cycles Centrifugation test
ARG 1 v v
ARG 3 v v
ARG 5 x x
AVO 2 v v
AVO 3 v v
AVO 4 v v
AVO 5 v x
MAC 1 x x
MAC 2 v v
MAC 3 v v
MAC 5 v v
OLV 1 x x
OLV 2 x x
OLV 3 x v
OLV 5 v v

Data is presented as passed (v') or failed (x)

From Table D.5 it is clear that the ARG 5, MAC 1, OLV 1 and OLV 2 SEDDS formulations
displayed instability after being exposed to thermodynamic stress environments as well as
kinetic stress experiments and were thus considered unsuitable for membrane release and
dermal diffusion studies. In contrast, the OLV 3 SEDDS only exhibited instability upon
exposure to thermodynamic stress conditions and the AVO 5 SEDDS revealed instability after
kinetic stress experiments. However, both SEDDS formulations, OLV 3 and AVO 5, were
deemed unsuitable for further investigation as physical instability was observed. An additional
factor that can contribute towards successful dermal drug delivery of SEDDSs is the pH of
SEDDS formulations.

D.2.8 pH
The pH of the selected SEDDS formulations was measured by employing a Mettler® Toledo

pH meter (Mettler® Toledo International Inc., United States of America) with a Mettler® Toledo
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Inlab® 410 NTC electrode 9823. Calibration of the Mettler Toledo® InLab® 410 electrode NTC
electrode 9823 was executed at a pH of 4, 7 and 10 prior to measurement (Ritchie et al., 2017;
Clausen et al., 2016). The acceptable pH range established for formulations destined for
dermal drug delivery, is 5.0-9.0 (Rastogi & Yadav, 2014), though the optimal pH would be a
value that resembles natural skin pH; and wil thus vary between 4.5-5.0
(Sheshala et al., 2019). The obtained pH measurements for the SEDDS formulations are
shown in Table D.6.

Table D.6: Measured pH values obtained for topical SEDDS formulations

Formulation pH
ARG1 6.949
ARG3 5.998
ARG5 6.600
AVO2 5.009
AVO3 3.820
AVO4 5.024
AVO5 5.045
MAC1 7.404
MAC2 6.605
MAC3 7.007
MAC5 7.021
OoLv1 7.365
OLV2 7.125
OLV3 7.133
OLV5 6.963

All of the SEDDSs formulations could be considered suitable for topical application as all
measured pH values (Table D.6) fell within the 5-9 range, except for the AVO 3 SEDDS that
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depicted a pH value of 3.82. If the optimal pH range is considered, the avocado oil SEDDSs
would be the most compatible with the natural pH of the skin surface, with values of 5.009,
5.024 and 5.045 as obtained by the AVO 2, AVO 4 and AVO 5 SEDDS formulations,

correspondingly.

D.3 Conclusion

After numerous characterisation experiments, the behaviour and properties of the tested
topical SEDDS formulations were considered in order to establish which of the topical SEDDS
formulations could be utilised to conduct membrane release and dermal diffusion studies.
Considering that the main focus of this study is directed at the development of a topical SEDDS
formulation for optimised drug delivery of an extremely lipophilic drug, all SEDDS formulations
that exhibited unfavourable behaviour or properties, in terms of topical drug delivery and
general SEDDS characterisation guidelines, were eliminated due to the fact that
characterisation results rendered them unsuitable for further investigation. Topical SEDDS
formulations that were considered unsuitable for membrane release and dermal diffusion

studies are shown in Figure D.9.
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Figure D.9: Topical SEDDS formulations considered unsuitable for topical drug delivery

As demonstrated by Figure D.9 a modest quantity of formulations was deemed suitable for
topical drug delivery, namely: SEDDS formulations ARG 3, AVO 2, MAC 2 and OLV 5. These
formulations met all of the criteria set for SEDDSs destined for topical drug delivery. The
properties exhibited by these selected SEDDS formulations are summarised in Table D.7.
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Table D.7: Summary of properties exhibited by SEDDSs suitable for topical delivery

ARG3 AVO2 MAC2 OLV5
Droplet size (nm) 107.317 64.112 108.708 154.800
Polydispersity Index (PDI) 0.6175 0.339 0.763 0.793
Zeta-potential (mV) -29.900 -32.800 -29.200 -23.600
emulsification D D D c

Self-emulsification time (s) 482.000 423.000 346.000 90.000
Cloud point (°C) 34.000 40.000 32.500 35.900

pH 5.998 5.009 6.605 6.963

From the above table, it is evident that the AVO 2 SEDDS formulation is the only acceptable
formulation residing in the nano-sized range. Moreover, this formulation rendered the smallest
deviation in size distribution and it depicted the highest zeta-potential comparatively to the

SEDDS formulations considered for further investigation.

For these reasons, it was predicted that the AVO 2 SEDDS formulation will probably be the
most stable formulation of the remaining SEDDS formulations. The temperature at which cloud
point was observed for the AVO 2 SEDDS is also the highest temperature obtained by the
finally selected SEDDS formulations. In addition, the AVO 2 SEDDS received a D-grading for
efficacy of self-emulsification and therefore predicts improved occlusive effects. Finally, this
formulation depicted a pH value nearing an optimum skin compatibility pH value. Therefore,
the AVO 2 SEDDS formulation can be considered the topical SEDDS formulation that
displayed the most suitable properties if destined for topical drug delivery. However, the

correlation between paper and practice is established in Annexure E.
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Annexure E

Clofazimine release and dermal diffusion studies of finally selected topical SEDDS
formulations

E.1 Introduction

Senapati et al (2018) stated that not only a potent drug is required to aid in disease treatment
regimens, but also an efficacious drug delivery system should be employed. During the
development of topical drug delivery systems, the vehicle utilised to present a drug at the skin
surface is of profound significance (Fantini et al., 2019). In fact, the vehicle can influence a
drug partitioning into the SC, diffusion of the said drug across the SC as well as drug retention
within the different skin layers (Fantini et al., 2019; Zhang et al., 2017). Moreover, one must
bear in mind the impact of vehicle metamorphosis on the efficacy of topically delivered drugs
(Fantini et al., 2019; Surber & Kottner, 2017). Vehicle metamorphosis refers to compositional
changes of the drug delivery system as brought about by evaporation of excipients, such as
water; and extraction of SC lipids upon prolonged contact with the skin (Fantini et al., 2019).
Evaporation of water from applied formulations can contribute towards exposing the skin
surface to supersaturated clofazimine concentrations that render enhanced dermal drug
delivery (Parhi & Swain, 2018). Moreover, extraction of SC lipids can be utilised as a drug
delivery technique in order to facilitate permeation of clofazimine into the epidermis and dermis
of the skin (Haque & Talukder, 2018). Additionally, plant based oils together with the included
surface active agents that form part of the vehicle, can cause disruption of SC lipid
arrangement and in turn establish drug penetration enhancement (Lane, 2013). Therefore, in
vitro studies were performed by employment of Franz cell diffusion studies for the purpose of
identifying the specific plant based oil, incorporated in topical SEDDS formulations, which
demonstrated the most successful topical delivery of clofazimine (Cufikové et al., 2017).

Franz cell diffusion studies are wuseful for investigating dermal drug delivery
(Cufikova et al., 2017; Simon et al., 2016; Liu et al., 2015). Despite drawbacks, such as
difficult data reproducibility and no consideration of metabolic processes that occur within
different skin layers, these experiments provide a controlled environment where only the
tested formulation and skin can be considered as variables (Cufikové et al., 2017;
Li et al., 2017). During these experiments the in vivo situation can be predicted my means of
in vitro observations (Levintova et al., 2011). Ganti et al (2018) reported that maximum flux of
a drug presented at the skin surface will be achieved if a supersaturated drug concentration
is maintained by the applied formulation. However, the argument can be made that not only

steady-state flux, as established by exposure to supersaturated drug concentrations, but also
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exposure to components included in topical formulations that can render reversible changes
to barrier properties of the skin, such as plant based oils, can facilitate increased drug delivery
(Ganti et al., 2018; Lin et al., 2018; Vaughn et al., 2018). Furthermore, highly lipophilic drugs,
including clofazimine, present unique challenges during topical drug delivery (Czajkowska-
Kosnik et al., 2018; Jones et al., 2016; Ita, 2014; Frelichowska et al., 2009). Therefore, drug
release and dermal diffusion studies were conducted in order to evaluate not only the release
of clofazimine from topical SEDDS formulations, but also to establish the possibility of

successful dermal delivery of clofazimine.

E.2 HPLC preparation

The verified HPLC method, described in Annexure A, was utilised during drug release and
dermal diffusion studies to determine topically delivered clofazimine concentrations. All HPLC
experiments were conducted in a controlled laboratory environment at 25°C. A 0.005 M
solution of octane sulphonic acid was prepared in HPLC grade water. Thereafter, the pH of
the mobile phase solution was adjusted to a pH of 3.5 by means of orthophosphoric acid
(HsPO.) addition. The mobile phase was injected at a ratio of 70:30 (acetonitrile: octane
sulphonic acid) with an injection volume of 5 ul and a flow rate of 1 ml/min. An optimal
wavelength of 284 nm was used to enable detection of clofazimine. The runtime of each

injection was 6 min and the approximate retention time of clofazimine was + 4.0 min.

A standard solution of clofazimine was prepared by weighing 10 mg of clofazimine and adding
methanol to a volume of 100 ml. Subsequently, 5 ml of the mother solution was removed with
a glass pipet and transferred into a 20 ml volumetric flask where methanol was added again.
This standard solution was injected in volumes of 2.5 pl, 5 pl, 10 pl, 15 pl and 20 pl to obtain
a standard curve utilised to calculate the concentration clofazimine detected in the receptor

phase.

E.3 Preparation of the donor- and receptor phase

The donor phase was prepared by means of the water titration method; and subsequent
cooling of the SEDDS formulations, as described in Annexure C. During Franz cell studies
placebo SEDDS formulations were prepared as well as SEDDSs containing clofazimine. The
clofazimine SEDDS formulations varied in clofazimine concentration during drug release
studies: ARG 3 contained 0.2% clofazimine; 0.6% clofazimine was incorporated in AVO 2; and
0.1% clofazimine was incorporated into both the MAC 2 and OLV 5 formulations. The
concentration of clofazimine included in each of the finally selected topical SEDDS
formulations is similar to the solubility of clofazimine depicted in individual plant based oils, as
demonstrated in Annexure B. However, during dermal diffusion studies the clofazimine

concentration was increased to 2% for all SEDDS formulations in order to enable improved
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detection during HPLC quantification. Moreover, by exposing the skin to supersaturated
clofazimine concentrations maximal flux of clofazimine can possibly be achieved
(Ganti et al., 2018; Parhi & Swain, 2018). In addition, Rani et al (2019) stated that SEDDSs
displayed detained nucleation as well as crystal growth due to increased kinetic- and
thermodynamic inhibition of drug precipitation if a saturated drug concentration was included
in SEDDS formulations. The excipients needed to prepare the final SEDDS formulations are
presented in Table E.1.

Table E.1: Quantity of excipients needed to prepare final SEDDS formulations

ARG 3 AVO 2 MAC 2 OLV 5

Oil 7.5ml 7.2ml 8 ml 6.1 ml
Tween®80 5ml 6.4 ml 6 ml 4.2 ml
Span®60 5 mg 6.4 mg 6 mg 4.2 mg
Water 7.5ml 6.4 ml 6 ml 9.7 ml

The receptor phase, consisting of phosphate buffer solution (PBS) and HPLC grade ethanol

(9:1), was prepared as follows:

e A mass of 6.5 g KH.PO, was weighed and dissolved in 250 ml HPLC grade water.
¢ Next, 1.5 g NaOH was weighed and dissolved in 400 ml HPLC grade water.
e The two solutions were added, mixed and HPLC grade water was added to obtain a
final solution of 1000 ml.
e Thereafter, the pH of the PBS solution was adjusted to a pH of 7.4 when necessary
(Cufikova et al., 2017).
The phosphate buffer solution was kept in a refrigerator (for not more than 6 months) at a
temperature of £ 4°C until utilised. It is stated that drugs with an aqueous solubility < 0.1 mg/ml
acquire the inclusion additional solubilisers in the receptor compartment for the purpose of
providing a solvent that solubilises the lipophilic drug as a drug must be in solution in order to
be detected by means of HPLC analysis (Trombino et al., 2019; Esposito et al., 2018). For
this reason, 10% analytical grade ethanol was included in the receptor phase for the purpose
of improving the solubility of clofazimine during the conduction of dermal diffusion studies
(Trombino et al., 2019; Esposito et al., 2018).
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E.4 Conditions of Franz cell experiments

During both drug release and dermal diffusion studies 12 Franz cells were prepared for each
experiment. Every experiment consisted of 10 Franz cells containing a specific clofazimine
SEDDS formulation and 2 Franz cells with placebo SEDDS formulations as donor phases.

Franz cell preparation was done as follows:

e First, a small stirring magnet was placed in each receptor compartment that was set at
a stirring rate of 750 rpm throughout the duration of the experiments
(Buhecha et al., 2019).

e Dow Corning® vacuum grease (Sigma-Aldrich, Germany) was thinly spread across the
connecting parts of the donor- and receptor phases before placing an artificial
membrane with a pore size of 0.45 um (i.e. drug release studies) or a cut skin circle
(i.e. dermal diffusion studies) between the uniting parts (Simon et al., 2016).

¢ Next, the donor- and receptor phases were sealed by applying copious amounts of
vacuum grease to seal the donor-and receptor compartments.

e The SEDDS formulations were transferred into donor compartments (i.e. 1 ml in each
compartment) and each receptor compartment was filled with 2 ml PBS: analytical
grade ethanol (9:1) solution (Liu et al., 2015).
e Thereafter, Parafiim® together with a lid were placed over each donor compartment
before positioning the Franz cells in a pre-heated water bath.
During this study two Grant® water baths (Grant Instruments, United Kingdom), equipped with
Variomag® magnetic hot plates (Variomag Instruments, United States of America), were

utilised at different temperatures:

Water bath (£ 32°C) e The SEDDS formulations (placebo formulations and SEDDSs
containing clofazimine) were placed in this pre-heated water
bath, in order to mimic the skin surface temperature of 32°C, prior
to transfer into the donor phase of the individual Franz cells
(Cufikova et al., 2017).

Water bath (£ 37°C) e The PBS: analytical grade ethanol (9:1) solution was kept in this
pre-heated water bath to enable heat transfer to the receptor
phase. This facilitates similar heat profiles of the receptor phase
to the temperature of blood beneath the skin.

e The 12 prepared Franz cells were placed into this water bath

during both drug release and dermal diffusion studies.
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e Drug release studies involved an experiment of 6 h with hourly
extractions for the purpose of maintaining sink conditions
(Buhecha et al., 2019).

¢ Diffusion studies, on the other hand, consisted of one extraction
from the respective receptor phases after a 12 h period, as
topical delivery is desired.

E.5 Skin preparation

Skin utilised during this study was obtained from anonymous Caucasian female donors that
underwent abdominoplastic surgery, performed by qualified surgeons. Full-thickness tummy-
tuck skin was frozen, at a temperature of -20°C upon arrival at the bio-safety laboratory at the
Potchefstroom campus of the North West University. Ethics approval was granted (ethics
number: NWU-00111-17-A1-07) by the Research Ethics Committee of the North-West
University for the purpose of collecting biological material as well as utilising human skin during
dermal diffusion experiments. The full-thickness skin was inspected for abnormalities that
might influence dermal diffusion such as the presence of striae distensae (Mitts et al., 2010).
Thereafter, the skin was dermatomed using a Zimmer™ electric dermatome, model 8821, to
harvest skin pieces of a continues thickness (i.e. 400 um) for the purpose of obtaining
harvested skin pieces comprising SC, epidermis-dermis and dermis. The harvested skin was
placed on Whatman® filter paper, wrapped in foil and stored at a temperature of -20°C for no
longer than a period of 6 months. Prior to dermal diffusion studies the harvested skin were cut

into skin circles with a diameter of 15 mm.

E.6 Tape stripping

After performing dermal diffusion studies, as described in Sections E.3 and E.4, the skin circles
were removed from the Franz cells and dapped clean with paper towels. Scotch® magic tape
was employed to remove only the area of each skin circle that was subjected to dermal
diffusion. The first tape strip utilised on each skin circle was discarded; and the following
15 tape strips were placed into a polytop. Skin that was tape stripped is the SC-epidermis
layer of the skin and the remaining skin must have a gleaming appearance to indicate
complete removal of the SC. This layer where the SC was removed from, is the epidermis-
dermis of the skin. The epidermis-dermis parts were cut into small pieces, within the polytop,
to enlarge the surface area, and placed into individual polytops. Each polytop was filled with
5 ml analytical grade ethanol and transferred into the refrigerator to remain overnight at a
temperature of 4°C. After removing the polytops from the refrigerator, ethanol was extracted

from each polytop and filtered through a 45 pm filter prior to HPLC analysis.
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E.7 Data analysis

E.7.1 Analysis of drug concentration after topical application

After completion of dermal diffusion studies, the cumulative clofazimine concentration
(ug/cm?) was plotted against time. Likewise, flux values (ug/cm?.h) were established by
constructing the steady-state slope of the average cumulative clofazimine concentrations
against time. The total clofazimine percentage yielded after a period of 12 h, as observed for
dermal diffusion studies, and after a time span of 6 h, as depicted by drug release studies,

were determined.

HPLC chromatographs of the placebo SEDDS formulations indicated whether the obtained
results indeed represented clofazimine concentrations or other excipients present within
SEDDS formulations. However, outlier data obtained during dermal diffusion studies were
omitted as certain Franz cells fell victim to leakage or early depletion of topical SEDDS
formulations. Hence, the relevant number of Franz cells utilised during each experiment is

indicated in Section E.9.

E.7.2 Statistical data analysis

Data obtained during drug release and dermal diffusion experiments were processed by both
descriptive and interferential statistical methods. Descriptive statistics refer to the employment
of data such as the median (statistical centre point) and mean together with the standard
deviation (Brownstein et al., 2019). The aim of descriptive statistics is to describe and also
compare groups within the same population or sample (Ali & Bhaskar, 2016). These
descriptive statistical values were graphically illustrated by utilising box-plot representations
which enabled inclusion of error bars (measuring of data distribution). One must bear in mind
that the median value can be preferred during statistical data analysis as the median is less
affected by data of an outlier nature that can facilitate skew data distribution. On the other
hand, the mean is disproportionately influenced by outlier data (Rodriguez & Valdora, 2019).
Contrary, inferential statistical analysis includes analysis of variance (ANOVA) as well as

testing of parametric assumptions (Ali & Bhaskar, 2016; Marshall & Jonker, 2011).

For the purpose of identifying significant flux differences between topical SEDDS formulations,
subjected to drug release and dermal diffusion studies, one-way ANOVA was utilised to
determine the significance of the effect of groups. This parametric method can only be used if
the data did not deviate from normality and the variances (or standard deviations) of groups
are equal. When these assumptions are not met, the non-parametric Kruskal-Wallis test was
employed to compare groups analogously to one-way ANOVA (McDonald, 2009). In addition,

the post-hoc Tukey honestly significant difference (HSD) test was employed after one-way
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ANOVA analyses of flux values obtained during drug release studies. This parametric test is
preferred when pairwise comparisons are conducted (Kim, 2015), but if the parametric
assumption does not hold, pairwise multiple comparisons between groups can be performed
after applying the Kruskal-Wallis test. The statistical methods employed during this study are
illustrated in Figure E.1.
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Figure E.1: Flow diagram of statistical methods employed during analyses of topical SEDDS

formulations

As seen in Figure E.1 the first parametric assumption of normal data distribution can result in
discarding the results of a one-way ANOVA and a Tukey HSD test; and rather use the non-
parametric results of the Kruskal-Wallis and multiple comparison tests. These data analyses
could be done for the purpose of identifying the differences observed between cumulative
clofazimine concentrations as displayed by divergent topical SEDDS formulations. These
results entailed the actual p-values for pairwise comparisons, group means and medians, and
test statistics in order to illustrate differences between topical SEDDS formulations
(McDonald, 2009).

After conducting dermal diffusion studies, it was found that clofazimine was only detected in
the SC-epidermis skin layer, as obtained by tape stripping, for macadamia oil SEDDS. Hence,
the T-test by means of the group pairing method was utilised to compare differences between
cumulative clofazimine concentrations observed within the SC-epidermis and epidermis-

dermis, respectively. T-test analyses involve comparison of mean values of two groups also
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assuming the normal distribution of data (Marshall & Jonker, 2011). Therefore, SEDDSs
comprising, argan-, avocado- and olive oil were exclusively analysed by one-way ANOVA and
the non-parametric Kruskal-Wallis test. Here the one-way ANOVA results were discarded due
to the fact that normality of the data did not hold, and the non-parametric Kruskal-Wallis test
was employed, followed by the multiple comparisons in order to signify differences between
cumulative clofazimine concentrations as obtained by SEDDS formulations comprising
argan-, avocado-, macadamia- and olive oil. Statistical analyses of topical SEDDS
formulations were performed using Statistica (version 10) by the Statistical Consultation
Services, North-West University, Potchefstroom Campus.

E.8 Analysis of clofazimine release from the finally selected SEDDS
formulations

Drug release studies utilising synthetic membranes were conducted for the purpose of
confirming release of clofazimine from the dosage form prior to performance of dermal
diffusion studies. Favourably, clofazimine was depicted in the receptor phase during these
experiments of topical SEDDS formulations comprising argan-, avocado-, macadamia- and
olive oil. Data obtained after drug release studies are expressed as a percentage of the initial
qguantity of clofazimine included in the finally selected SEDDS formulations as seen in
Table E.2.

Table E.2; Data obtained for clofazimine release studies after 6 h
Average Median of
Topical SEDDS Average % cumulative cumulative
formulation released concentration concentration
(Mg/cm?) (Mg/cm?)
ARG 3 0.5+ 0.002 0.729 + 0.030 0.726
AVO 2 2.5+ 0.007 1.685 + 0.161 1.707
MAC 2 2 +0.002 0.586 + 0.038 0.571
OLV 5 7 +0.002 0.459 + 0.350 0.445

Average cumulative concentration is presented as mean * standard error, whereas average percentage released is displayed as

mean + standard deviation

As seen (Table E.2) the average percentage clofazimine released can be ranked as follows:
OLV 5 >>> AVO 2 > MAC 2 > ARG 3. However, it should be highlighted that topical SEDDS
formulations utilised to conduct drug release studies contained different concentrations of
clofazimine. These concentrations were determined according to the solubility of clofazimine
in each plant based oil. Nonetheless, after completion of the drug release studies it was

decided to include 2% clofazimine into each finally selected topical SEDDS formulation in
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order to improve detectability of clofazimine by means of HPLC analysis; as well as to reduce
the variables between the different SEDDS formulations. Moreover, as stated previously,
SEDDSs formulated in a state of supersaturation have exhibited kinetic as well as
thermodynamic inhibition of drug precipitation by detaining crystal growth and nucleation
(Rani et al., 2019). Also, the flux of clofazimine can possibly be enhanced if the clofazimine is
presented in a state of saturation at the skin surface (Ganti et al., 2018; Parhi & Swain, 2018).
One-way ANOVA depicted significant differences between cumulative clofazimine
concentrations, i.e., F(3)=40.755, p < 0.001. Note that while a deviation from normality was
observed, a highly significant difference between topical SEDDS formulations justified the use
this parametric analysis (the non-parametric analysis was also applied and resulted in the
same conclusion). As evident from the p-value, clear differences can be observed between
the mean values of the tested/selected SEDDS formulations. Hence, the post-hoc Tukey HSD
test was employed to illustrate the observed differences and these results are displayed in
Table E.3.

Table E.3: Data differences as indicated by post-hoc Tukey HSD test

Cell number SEDDS formulations Flux mean (ug/cm?)
4 OLV 5 0.459?2
3 MAC 2 0.5862
1 ARG 3 0.7292
2 AVO 2 1.685°

a, b indicates formulations not statistically significant on 5% level where only AVO 2 statistically differs from OLV 5, MAC 2 and ARG 3

E.9 Dermal diffusion

The dermis marks the final barrier to be crossed before a drug can be systemically delivered
(Bellefroid et al., 2019). As patients suffering from CTB can also be infected with pulmonary
TB, topically applied clofazimine should not diffuse through the skin and into the systemic
circulation as this can interfere with systemic TB regimens utilised to treat pulmonary TB
(Tshisevhe et al., 2019). Therefore, no clofazimine should be detected in the receptor phase
after a 12 h period of Franz cell diffusion studies. Fortunately, clofazimine was not detected in
any receptor phase after completion of the 12 h period. However, clofazimine was only
detected in the epidermis-dermis skin layer and not in the SC-epidermis skin layer for
formulations ARG 3, AVO 2 and OLV 5. Therefore, indicating clear topical drug delivery of
clofazimine. The permeation results obtained by the finally selected topical SEDDS

formulations are depicted in Table E.4.
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Table E.4: Permeation of clofazimine into epidermis-dermis after 12 h
Average Median of
Topical SEDDS Number of Average % cumulative cumulative
formulation Franz cells diffused concentration | concentration
(ng/cm?) (hg/cm?)
ARG 3 8 0.95 + 4.166 7.099 + 1.473 6.471
AVO 2 9 0.25 + 0.557 2.755 + 0.220 2.616
MAC 2 8 0.45+2.013 3.573+0.712 3.132
OLV 5 8 1.2+7.576 9.105 + 2.679 7.602

Average cumulative concentration is presented as mean * standard error, whereas average percentage released is displayed as

mean + standard deviation

From Table E.4 it is clear that the OLV 5 SEDDS formulation facilitated the highest average
cumulative clofazimine concentration as well as the highest average clofazimine percentage
diffused. Furthermore, the difference between the average cumulative concentration and
median depicted by the OLV 5 SEDDS is considered small; thus, illustrating a decreased
guantity of outlier data. In contrast, the SEDDS formulation, AVO 2, that exhibited the second
highest clofazimine amount released during drug release experiments, displayed the lowest
clofazimine permeation during dermal diffusion studies. Since the data were not normally
distributed, statistical analysis by means of non-parametric Kruskal-Wallis testing was done
and rendered statistically significant differences. These clear differences, indicated in red as

assisted by divergent flux values, are presented in Table E.5.

Table E.5: Multiple comparisons of p-values depicted for topical SEDDS formulations
ARG 3
AVO 2 0.018
MAC 2 0.217 1.000
OLV 5 1.000 0.010 0.142
ARG 3 AVO 2 MAC 2 OLV 5

The signified statistical differences displayed in Table E.5 can be linked to the unique
(Kala & Juyal, 2018; Viljoen et al., 2015;

Kumar et al., 2014). The presence of components such as certain fatty acids can enhance

composition of each plant based oil

permeation of clofazimine into the skin layers (Kala & Juyal, 2018; Lin et al., 2018;

Vaughn et al., 2018). Different mechanisms of increased permeation can be established by
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fatty acids, such as disruption or fluidisation of SC lipids (Lane, 2013). However, the extent of
skin penetration enhancement is influenced by the type of fatty acid as well as the
concentration of specific fatty acids naturally present within individual plant based oils
(Lin et al., 2018; Vaughn et al., 2018). Average cumulative clofazimine concentrations
rendered by the SEDDS AVO 2 formulation differs from both the ARG 3 and OLV 5 SEDDS
formulations, respectively. Whereas, the AVO 2 and MAC 2 SEDDS formulations do not
display any statistically significant differences in terms of dermal clofazimine delivery. The
cumulative clofazimine concentrations obtained by topical SEDDS formulations are illustrated
by Figure E.2.
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Figure E.2: Cumulative clofazimine concentrations as depicted by the selected topical
SEDDS formulations

Olive oil displayed the highest permeation of clofazimine during both drug release and dermal
diffusion studies. This increased permeation can be enabled by the naturally incorporated high
concentration of oleic acid present within olive oil (Cicero et al., 2018; EIMasry et al., 2018).
Lane (2013) described oleic acid as a penetration enhancer which applies disordering effects
on the SC lipids. Additionally, oleic acid has displayed increased fluidising properties of SC
lipids that contribute toward increased drug permeation and flux values (EIMasry et al., 2018;
Hadgraft & Lane, 2016). However, it has been speculated that the cis form of oleic acid is the
only form that can facilitate skin penetration enhancement due to the unsaturated structure

present within the molecule itself (Lane, 2013). In addition, this theory is confirmed by
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observation of oleic acid as separate pools within lipid areas of the SC that assist enhanced
permeation within fluidised domains (Hadgraft & Lane, 2016). This non-homogenous
distribution of oleic acid within the SC lipids can be indicative of the cis formation that
predominantly condenses with itself instead of evenly distributing throughout the SC lipids
(Lane, 2013). Besides, non-homogenous oleic acid distribution can implicate reversible as
well as permeable defects formed within the SC lipids which facilitate enhanced dermal drug
delivery (Hadgraft & Lane, 2016). One must bear in mind that argan-, avocado-, macadamia-
and olive oil all contain oleic acid (Cicero et al., 2018; Rueda et al., 2014). However, each
plant based oil consists of a different oleic acid concentration and can be ranked from highest
to lowest oleic acid concentrations as follow: olive oil >>> avocado oil >> macadamia
oil > argan oil. Contrary, dermal diffusion studies rendered permeation results that displayed
penetration  enhancement effects as follow: olive oil >argan oil >> macadamia

oil > avocado oil.

Argan oil SEDDS formulations depicted the second highest permeation enhancement of
clofazimine during dermal diffusion studies. This plant based oil contains the highest stearic-
and linoleic acid concentrations between the selected plant based oils (Cicero et al., 2018;
Rueda et al., 2014). Linoleic acid is associated with intensified skin repair properties due to
increased hydration of the SC (Hu et al., 2019). Interestingly, stearic acid is also known as the
saturated form of oleic acid (Almeida et al., 2018; El Kharrassi et al., 2018). The melting point
of this unsaturated fatty acid is reported as 69.3°C (Jiménez-Pefialver et al., 2018). Hence,
stearic acid will most probably be presented at the skin surface in an undissolved form as the
melting point of this free fatty acid far exceeds skin surface temperature of approximately 32°C
(Heylings et al., 2018). Therefore, undissolved stearic acid can possibly act as an occlusive
agent by forming a residual layer on the skin surface after emulsion depletion
(Gore et al., 2018; Vaughn et al., 2018). Thus, providing skin hydration that is known to
enhance dermal drug delivery by means of a swelling process within the SC (Vaz et al., 2019;
Pham et al., 2016; Warner et al., 2003). This hydrating effect, possibly established by argan
oil, can loosen the strictly packed structure of the SC and in turn achieve increased permeation
of clofazimine (Vaz et al., 2019; Warner et al., 2003).

The AVO 2 SEDDS formulation displayed the lowest cumulative clofazimine concentration in
the epidermis-dermis skin layer. A possible reason for this decreased permeation can be
linked to the high palmitic acid concentration naturally present within avocado oil (Tan, 2019;
Cizinauskas et al., 2017). Palmitic acid is classified as a saturated fatty acid (SFA)
(Cizinauskas et al., 2017; Mansour et al., 2017). Despite the increased drug permeation

facilitated by palmitic acid, SFAs are deliberated less powerful skin penetration enhancers
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when compared to unsaturated fatty acids (UFAs) (Lundborg et al., 2018;
Cizinauskas et al., 2017; van Zyl et al., 2016; Viljoen et al., 2015). Table 2 in Chapter 2
showed that avocado oil comprises the second highest SFA concentration compared to
argan-, avocado-, macadamia- and olive oil. Argan oil exceeds the SFA content of avocado
oil (Cicero et al., 2018). However, argan oil contains a higher stearic acid level when related
to avocado oil, which has been mentioned for its possibly improved occlusive effects
(Gore et al., 2018; Vaughn et al., 2018). The less effective skin permeation facilitated by SFAs
can be clarified by the decreased lipid solubility of SFAs within the SC lipids as established by
their increased melting points (Knothe & Dunn, 2009; Chi et al., 1995; Aungst, 1989). For this
reason, SFAs portray a decreased potential to insert themselves into the SC that is
accompanied by reduced disruption of the SC lipid arrangement (Lundborg et al., 2018;
van Zyl et al., 2016; Kim et al., 2008). Additionally, SFAs vary from UFAs in terms of chemical
structure that can also possibly contribute towards decreased dermal permeation
(Rodriguez et al., 2019; Kanikkannan et al., 2006).

UFAs can be divided into two sub-categories, namely: polyunsaturated fatty acids (PUFAS)
and monounsaturated fatty acids (MUFAs) (Rodriguez et al., 2019; Cicero et al., 2018).
Remarkably, Hu et al. (2019) as well as Kochhar & Henry (2009) claimed that the presence of
PUFAs can decrease shelf-life of topical SEDDS formulations as these fatty acids are more
prone toward oxidative instability. The PUFA content of the utilised plant based oils can be
ranked as: argan oil >> macadamia oil >> avocado oil >olive oil. Whereas, the inverse
relationship is obtained when the MUFA content of these plant based oils is categorised:
olive oil > avocado oil > macadamia oil >>> argan oil. MUFASs, such as oleic acid and linolenic
acid, indicated increased permeation of clofazimine when compared to the PUFA content (van
Zyl et al., 2016). This finding is confirmed as the oils comprising higher oleic acid amounts

seem to most successfully enhance topical drug penetration in this study.

If the ratio of components included in the finally selected SEDDS formulations is considered
(Table E.1), the OLV 5 SEDDS formulation clearly has the highest water content between
these formulations. This formulation rendered the highest dermal permeation of clofazimine
despite having the lowest concentrations plant based oil as well as surfactant present. Overall,
the individual plant based oil together with the surfactant are capable of enhanced dermal drug
delivery; and theoretically increased concentrations of these components should render
elevated dermal permeation of clofazimine. However, the effectiveness of SEDDS
formulations as a topical dosage form can possibly be linked to increased water content that
facilitates enhanced flux of lipophilic drugs (Chauhan & Sharma, 2019; Fantini et al., 2019;
Leite-Silva et al., 2012; Barry, 1991). This increased flux is accomplished by the hydrophilic

229



nature of the vehicle compared to lipophilic nature of both the SC and clofazimine that forces
clofazimine to permeate into the SC instead of remaining in the hydrophilic SEDDS formulation
(Chauhan & Sharma, 2019; Sawant et al., 2010; Barry, 1991). Interestingly, the MAC 2
SEDDS formulation comprises the highest oil content of the finally selected SEDDS
formulations and was also the only SEDDS formulation that rendered clofazimine delivery in
both the SC-epidermis and epidermis-dermis skin layers. Hence, the possibility that the
lipophilic clofazimine depicted slower release as well as permeation from the SEDDS
containing macadamia oil can possibly be explained by clofazimine favouring the lipophilic
environment of the formulation and SC instead of the hydrophilic epidermis-dermis skin layer
(Chauhan & Sharma, 2019; Leite-Silva et al., 2012; Sawant et al., 2010; Barry, 1991).

E.10 Tape stripping

The lipophilic nature of the outermost skin layer shields the body from entry of dangerous
substances (Bellefroid et al., 2019). However, during topical drug delivery the protective
mechanisms of the outermost skin layer must be manipulated in order to allow permeation of
drugs (Kala & Juyal, 2018). Plant based oils were included as skin penetration enhancers to
observe which plant based oil included in the formulated SEDDSs possessed the most
desirable penetration enhancement profile to deliver the highly lipophilic clofazimine.
Fortunately, all topical SEDDS formulations tested reached the underlying skin layers.
Though, as displayed in Table E.6, the MAC 2 SEDDS formulation is the only topical SEDDS
in this study that yielded cumulative clofazimine concentrations in both the SC-epidermis and

epidermis-dermis skin layers, respectively.

Table E.6: Permeation of clofazimine into SC-epidermis after 12 h

Topical Average Median of

P Number of Average % cumulative cumulative
SEDDS . . .

: Franz cells diffused concentration | concentration
formulation 2 2
(hg/cm?) (hg/cm?)

ARG 3 8 0 0 0
AVO 2 9 0 0 0
MAC 2 8 1.95+0.011 45.142 + 4.707 41.069
OLV 5 8 0 0 0

Average cumulative concentration is presented as mean * standard error, whereas average percentage released is displayed as

mean + standard deviation

Clofazimine was not detected in the individual tape stripping samples of the SEDDS
formulations, ARG 3, AVO 2 or OLV 5. Thus, it is probable that the fatty acid composition of

macadamia oil can provide prolonged permeation of clofazimine. The variance in
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concentration observed by the MAC 2 SEDDS formulation in the SC-epidermis and epidermis-

dermis are shown in Table E.7.

Table E.7: Permeation of formulation MAC 2 after 12 h

Average Median of
Skin lavers Average % cumulative cumulative
y diffused concentration concentration
(Hg/cm?) (Hg/cm?)
SC-epidermis 1.95+0.011 45.142 + 4.707 41.069
Epidermis-dermis 0.45+2.013 3.573+£0.712 3.132

Average cumulative concentration is presented as mean * standard error, whereas average percentage released is displayed as

mean + standard deviation

It is evident that an increased cumulative concentration of clofazimine was depicted in the
outermost SC-epidermis skin layer. Moreover, the closely related average cumulative
concentration and median value indicate the absence of outlier data. Significant statistical
differences were observed by employment of both the T-test and the grouping method. The
statistical observations can be described as t(14)=8.732 (p <0.001). Distribution of
permeation results obtained for the MAC 2 SEDDS formulation is illustrated in the box-plot

representation of the aforementioned results (Figure E.3).
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Figure E.3: Cumulative clofazimine concentrations depicted in different skin layers as
facilitated by the MAC 2 SEDDS formulation after 12 h

The box-plot representation clearly indicates that the cumulative clofazimine concentrations
found in the epidermis-dermis skin layer are closely distributed compared to the increased
data distribution displayed in the SC-epidermis skin layer. This is a favourable observation as
topical clofazimine delivery facilitated by macadamia oil can possibly yield delivery of
clofazimine in predictable concentrations. However, one must bear in mind that this prediction
can only be made if skin contact can be maintained for sufficient periods of time as this study

was conducted over a period of 12 h.

Macadamia oil is known for its high levels of palmitoleic acid (Cicero et al., 2018). Sea-
buckthorn pulp oil is also considered a rich source of palmitoleic acid (Olas, 2018).
Remarkably, CiZinauskas et al (2017) utilised sea-buckthorn pulp oil during their studies
concerning the influence of skin penetration enhancement by natural oils and found that
palmitoleic acid depicted significantly higher concentrations within the epidermis when
compared to palmitoleic concentrations observed in the dermis. Therefore, it can be
speculated that palmitoleic acid has a preferred affinity for the epidermis of skin instead of the

dermis that can conceivably explain the increased cumulative concentration of clofazimine in
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the SC-epidermis skin layer. On the other hand, it has been reported that increased carbons
(> C14) present in the carbon backbone of free fatty acids will probably contribute toward
increased affinity for the SC and in turn render delayed partitioning of clofazimine into
underlying skin layers (Sinha & Kaur, 2000). This increased affinity can be linked to increased
molecular weight as facilitated by longer carbon backbone structures that complicate mobility
of fatty acids within different skin layers (Balazs et al., 2016). Considering that the carbon
backbone of palmitoleic acid (C16:1) exceeds 14 carbons, this probably can provide an
explanation for the slow permeation into the epidermis-dermis skin layer of the MAC 2 SEDDS
formulation compared to the other finally selected SEDDS formulations.

The possibility of vehicle metamorphosis should be considered as this phenomenon can
conceivably provide a clarification for only depicting clofazimine in the epidermis-dermis, as
exhibited by argan-, avocado- and olive oil SEDDS formulations. Water evaporation can be
excluded as the donor compartments of the Franz cells were covered by Parafilm® and a lid
for the purpose of avoiding loss of volatile excipients (Fantini et al., 2019). However, vehicle
metamorphosis also refers to changes that occur in terms of emulsion stability while applied
to the skin (Fantini et al., 2019). These changes include phase transitions, flocculation and
coalescence as facilitated by interactions between a formulation and the skin surface
(Fantini et al., 2019; Kreilgaard, 2002). During the cleaning process following dermal diffusion
studies, it was observed that the MAC 2 SEDDS formulation was the only formulation that
displayed clear phase separation in the donor compartment of the Franz cells after the 12 h
experiments. Phase separation did not transpire during drug release studies when the
formulation was exposed to the same environment for a period of 6 h without exposure to
human skin. What is more, the MAC 2 SEDDS formulation provided satisfactory results during
thermodynamic stability testing as well as excellent robustness to dilution; and was thus
considered a stable topical SEDDS formulation. Nevertheless, this formulation delivered a
cloud point temperature of 32.5°C and might therefore be more sensitive for changes
established by vehicle metamorphosis due to easier dehydration of excipients within the
formulation itself (Ujilestari et al., 2018). For this reason, the MAC 2 SEDDS formulation might
have struggled to deliver clofazimine as effectively as the ARG 3 and OLV 5 SEDDS

formulations.
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E.11 Conclusion

Topical drug delivery of the highly lipophilic clofazimine presented challenges due to the fact
that drugs as hydrophobic as clofazimine tend to partition into and accumulate in the SC after
being released from the applied dosage form (Jonesetal., 2016; Ita, 2014;
Frelichowska et al., 2009). The lipophilic nature of the SC creates an ideal environment for
lipophilic drugs to establish a reservoir effect while these substances avoid full partitioning into
the hydrophilic epidermis (Czajkowska-Kosnik et al., 2018; Jones et al., 2016;
Frelichowska et al., 2009). Hence, for most drugs delivered via topical application, partitioning
into the lipophilic SC is considered the rate limiting step (Qi & Mitragotri, 2019). Contrary, the
rate limiting step for drugs as lipophilic as clofazimine is the partitioning into the hydrophilic
epidermis (Lane, 2013). The process of drug delivery from a topically applied SEDDS is
illustrated by Figure E.4

SEDDS 4‘—*—_
sC ‘ 3

‘ 4 ) - Drug release from applied SEDDS
Binding - Drug partioning into SC
- Diffusion of drug through SC
- Drug partioning into epidermis
- Diffusion of drug through epidermis
- Absorption of drug into dermal blood supply
- Transport into systemic circulation

Metabolism . v

Epidermis
Localised pharmacologic activity

Allergic reaction
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Figure E.4: Schematic illustration of a drug transported from a SEDDS formulation across

different skin layers as adapted from Lane, 2013

It is evident from Figure E.4 that topically applied SEDDS formulations must reach the
epidermis skin layer in order to establish a localised pharmacological effect (Lane, 2013).

Therefore, the inclusion of penetration enhancers in topical SEDDS formulations are
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considered successful as all finally selected SEDDS formulations rendered delivery of
clofazimine into the epidermis-dermis skin layer. However, variances observed between
different SEDDS formulations and conclusive clofazimine delivery can be linked to the unique
composition of each plant based oil (Vaughn et al., 2018). Free fatty acids are naturally
present within plant based oils and are known skin penetration enhancers (Lin et al., 2018;
Vaughn et al., 2018; van Zyl et al., 2016; Viljoen et al., 2015; Lane, 2013). Moreover, lipid
disruption of the SC is established in many different ways as assisted by individual free fatty
acids (Lane; 2013). However, MUFAs are considered more efficient skin penetration
enhancers compared to SFAs as also displayed by the notably increased permeation of
clofazimine (van Zyl et al., 2016). The finally selected olive oil SEDDS formulation comprising
the highest oleic acid content rendered the most effective skin penetration enhancement
properties during this study. In contrast, argan oil can be considered a useful skin penetration
enhancer, despite decreased oleic acid content, as the possible occlusive effects of this plant
based oil established the second highest permeation characteristics of clofazimine during this
research. To conclude, topical SEDDS formulations can be noted as a definite possibility in

terms of facilitating dermal drug delivery of highly lipophilic drugs.
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Annexure F

Compatibility studies of excipients included in topical SEDDS formulations

F.1 Introduction

Development of topical SEDDSs for the purpose of optimised delivery involved confirmation
of compatibility of the included excipients (Kauretal.,, 2017; Pateletal., 2015;
Chadha & Bhandari, 2014). Each excipient fulfils its own purpose towards establishing
optimised topical drug delivery (Rani et al., 2019; Chatterjee et al., 2016). For example, plant
based oils are included to enhance, as well as maintain solubility of the highly lipophilic
clofazimine; considering that only solubilised drug particles can partition into the SC
(Rani et al., 2019; Haque & Talukder, 2018). Additionally, plant based oils are employed
during development of topical SEDDSs for their skin penetration enhancement properties
(Lin et al., 2018; Vaughn et al., 2018; van Zyl et al., 2016; Viljoen et al., 2015). Without the
inclusion of these penetration enhancers a drug as lipophilic as clofazimine will not be able to
disrupt the SC lipid arrangement in order to partition into this barrier and diffuse across
different skin layers (Czajkowska-Kosnik et al., 2018; Jones et al., 2016; Ita, 2014;
Frelichowska et al., 2009). Moreover, if plant based oils are compared to synthetic skin
penetration enhancers, the natural origin of plant based oils provides a more affordable
production alternative together with decreased skin irritancy (Shehadeh etal., 2019;
Chen et al., 2016).

The synthetic Tween®80 and Span®60, which are considered surface active ingredients or
emulsifiers, are said to also be able to assist with skin penetration enhancement (Lane, 2013).
Nevertheless, these excipients are included to reduce surface tension and in turn establish
interfacial stabilisation of the oil- and water phases incorporated into topical SEDDS
formulations (Rani et al., 2019; Chatterjee et al., 2016). On the other hand, the co-surfactant,
Span®60, also allows flexibility of the interfacial film established by Tween®80 for the purpose
of ensuring fluidity between the dispersed and continuous phases (Rani et al., 2019;
Chatterjee et al., 2016). This increased fluidity facilitates a reduced risk of surfactant induced
skin irritation by decreasing the quantity of surfactant required to stabilise dispersed droplets
when a co-surfactant is not included (Chatterjee et al., 2016). Water is incorporated as the
polar component of the two immiscible phases. Haque and Talukder (2018) concluded that
water is the most generally used, as well as safest skin penetration enhancer due to the fact
that hydration of the SC drastically contributes towards swelling of this skin layer that in turn

facilitates disruption of the strict SC structure, allowing increased permeation of topically
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applied drugs. Therefore, confirming compatibility of excipients utilised in combination during
development of topical SEDDSs is of profound significance for the purpose of ensuring optimal
stability in addition to efficacious drug delivery (Kaur etal., 2017; Patel et al., 2015;
Chadha & Bhandari, 2014).

F.2 Utilising isothermal microcalorimetry in order to establish excipient
compatibility
Isothermal microcalorimetry studies are based on the understanding that both physical and
chemical processes are followed by heat exchange between surrounding components (Viljoen
et al., 2018; Braissant et al., 2010; Phipps & Mackin, 2000). This is a rapid, highly sensitive
test that can even detect thermal changes by minute intervals (Chadha & Bhandari, 2014).
Through exposing a sample to isothermal conditions within a microcalorimeter, an interaction
between components can be detected as a temperature gradient will exist between the sample
and its surroundings (Phipps & Mackin, 2000). The heat flow observed during these
experiments is measured as a function of time (Phipps & Mackin, 2000). Isothermal
microcalorimetry techniques are non-specific and can be employed to confirm stability of
formulations, including compatibility studies and characterisation of the physical form
(Simondic et al., 2007). However, for the purpose of this study isothermal microcalorimetry
experiments were conducted to determine if the employed excipients demonstrated

compatibility within the selected SEDDS formulations.

In order to establish compatibility of excipients, a 2277 Thermal Activity Monitor, TAMIII, (TA
Instruments, United States of America) supplied with an oil bath with a stability of £100 K
over 24 h, was employed. The temperature was maintained at 40°C throughout 48 h
experiments. During these experiments both individual samples and samples containing
combined excipients were analysed to establish compatibility. The results displayed by
individual samples are added to render a theoretical response. Thereafter, the theoretical
response is compared to the measured response in order to compare expected results to
obtained results for the purpose of confirming excipient compatibility. If the theoretical
response significantly differs from the measured result, incompatibility can be suspected (TA

Instruments, 2017).

Samples of individual components were prepared by weighing approximately 100 mg of
individual excipients into Thermal Activity Monitor (TAM) vials. Following, the TAM vials were
sealed and subjected to isothermal conditions. Samples containing combinations of excipients
were prepared by weighing excipients according to established ratios of excipients present

within the finally selected SEDDS formulations in order to obtain samples of approximately
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100 mg. These established ratios were fixed according to the SEDDS formulations that were
deemed suitable for further investigation, namely: ARG 3, AVO 2, MAC 2 and OLV 5. All
samples were prepared and measured in duplicate for the purpose of confirming isothermal

microcalometric results.

F.2.1 Combination of clofazimine with argan oil, Span®0, Tween®80 and
distilled water

The compatibility of excipients included in formulation ARG 3 were evaluated by comparing

the heat flow measurement of clofazimine with argan oil, Span®60, Tween®80 and distilled

water to ascertain whether any interactions coexist between these various components.

Figure F.1 depicts the observed normalised heat flow versus the hypothetical response.
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Figure F.1: Heat flow graph depicted for the combination of clofazimine with argan oil,

Span®60, Tween®80 and distilled water

Average interaction heat flow measurements of -61.04 uW/g and -44.32 uW/g were depicted
for sample 1 and sample 2, respectively. The interaction error of these two samples were
measured as 91.49 uW/g for the first sample and a value of 63.93 uW/g was obtained for the
second sample. These interaction heat flow values for the two samples are, according to
compatibility studies, considered marginally high due the differences observed between the
average interaction heat flow and interaction error that exceeds 10 uW/g (Viljoen et al., 2018).

Therefore, it may be concluded that an incompatibility is present within the argan oil SEDDS.
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F.2.2 Combination of clofazimine with avocado oil, Span®60, Tween®80 and
distilled water
The interaction heat flow results for the combination of clofazimine with avocado oil, Span®60,

Tween®80 and distilled water are illustrated in Figure F.2.
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Figure F.2: Heat flow graph depicted for the combination of clofazimine with avocado oil,

Span®60, Tween®80 and distilled water

Average interaction heat flow values for samples 1 and 2 of this combination excipients were
calculated as -41.24 uW/g and 68.04 uW/g, respectively; whereas the interaction errors of
these sample were determined as 46.35 uW/g and 64.40 uW/g, individually. Average
interaction heat flow values and interaction error responses do not differ by more than
10 uW/g, and thus, it may be stated that excipients included in avocado oil SEDDS can be

considered compatible and suitable for dermal delivery of clofazimine.

F.2.3 Combination of clofazimine with macadamia oil, Span®60, Tween®80 and
distilled water

Figure F.3 demonstrates the interaction heat flow results for the combination of clofazimine,

macadamia oil, Span®60, Tween®80 and distilled water. The average interaction heat flow

value attained for sample 1 is -1.64 mW/g with an interaction error of 1.99 mW/g. On the other

hand, an average interaction heat flow of -1.37 mW/g was depicted for sample 2 together with

an interaction error of 1.57 mW/g. These results obtained specify that some degree of

incompatibility between the incorporated excipients probably exist.
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Figure F.3: Heat flow graph depicted for the combination of clofazimine with macadamia oil,
Span®60, Tween®80 and distilled water

F.2.4 Combination of clofazimine with olive oil, Span®60, Tween®80 and distilled
water
Data obtained for the combination components comprised within the olive oil SEDDS indicated
that some degree of incompatibility exists between the various components as the average
interaction heat flow measured for each sample tested was 1.09 mW/g and
-1.28 mW/g, individually. The interaction error obtained for sample 1 and sample 2 were
determined as 1.25 mW/g and 1.47 mW/g, respectively. As seen in Figure F.4 the heat flow
diagram obtained for formulation OLV 5, during microcalometric experiments, clearly

designate some incompatibility.

247



—— Measured —— Theoretical —— Interaction

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

Normalised heat flow (mWi/g)

0 8 16 24 32 40 48
Time (h)

Figure F.4: Heat flow graph depicted for the combination of clofazimine with olive oil,

Span®60, Tween®80 and distilled water

F.3 Isothermal microcalometric analysis of paired excipients

From the results obtained in section F.2 (Figures F.1-F.4) numerous incompatibilities can
possibly exist between components of SEDDS formulations containing either argan-,
macadamia- or olive oil. In order to determine which excipients are incompatible with one
another, various samples of approximately 100 mg were prepared that contained a
combination of only two excipients in each TAM vial. For example: argan oil and clofazimine;
argan oil and Span®60; etcetera, were combined. Hereafter, these samples were again
subjected to the set isothermal conditions in order to identify specific excipients that might
have potential interactions. It was concluded that a possible incompatibility was detected for

the combination of argan oil and clofazimine as observed in Figure F.5.
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Figure F.5: Heat flow graph obtained for the combination of argan oil and clofazimine

The argan oil and clofazimine combination rendered an average heat flow of 2.261 pw/g
together with an interaction error of 12.296 pW/g. This difference observed between these two
values signify a possible interaction between the two components. The incompatibility
observed between argan oil and clofazimine is suspected to be of a chemical nature due to
the fact that clofazimine is a drug known to participate in redox reactions
(Murashov et al., 2018; Cholo et al., 2012; Yano et al., 2011). Reported redox activity of
clofazimine indicated the formation of hydrogen peroxide, a known oxidising agent
(Cholo et al., 2016; Tyagi et al., 2015; Yano etal.,, 2011). Elevated concentrations of
hydrogen peroxide have been detected in the skin of patients suffering from inflammatory skin
conditions, such as vitiligo (Eskandari et al., 2019). Interestingly, application of polyphenols
has proven significant anti-oxidative capability in terms of reducing inflammation caused by
oxidative agents such as hydrogen peroxide (Eskandari et al., 2019; Kouka et al., 2019). Plant
based oils are rich sources of polyphenols (Eskandari et al., 2019; Lin et al., 2018). Therefore,
guestions can be raised about the polyphenol content of plant based oils employed as
solubilisers and skin penetration enhancers during this study due to the possibility that the

polyphenols present are able to stabilise the redox reactions as brought about by clofazimine.

Seiquer et al (2015) noted that only a certain fraction of polyphenols was considered bio-
accessible after subjected to in vitro metabolism. Hence, the probability can be considered
that the initial polyphenols present within topical SEDDS formulations are not as important as
the remaining bio-accessible fraction after 12 h diffusion studies in order to best interpret the
influence of polyphenols on stability of SEDDSs. This statement is made while bearing in mind

that formulation ARG 3 rendered the second highest cumulative clofazimine concentration
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during dermal diffusion studies, despite the depicted interaction between argan oil and
clofazimine. Therefore, the likelihood of argan oil not possessing sufficient polyphenols,
compared to other plant based oils employed to withstand interactions upon exposure to
increased temperatures after 48 h isothermal microcalorimetric experiments, cannot be over
ruled. In contrast, hydrogen peroxide has displayed pore enlargement properties, similar to
micro channel formation within the skin that can enhance topical drug delivery of clofazimine
(Shimizu & Kristof, 2017; Kalluri et al., 2011). However, hydrogen peroxide is a causative
agent of corrosive damage, formation of oxygen gas as well as lipid peroxidation
(Watt et al., 2004). Therefore, prolonged exposure to hydrogen peroxide can lead to tissue
damage (Watt et al., 2004). Consequently, this possible chemical incompatibility between
clofazimine and argan oil can provide an explanation for the increased clofazimine permeation.
Nonetheless, hydrogen peroxide is a dangerous substance upon prolonged skin contact and
is therefore not considered favourable for optimal topical drug delivery of clofazimine.

Mechanisms of incompatibility between drugs and excipients can be categorised as either of
a physical or chemical nature (Pateletal., 2015; Fathimaetal.,2011). Chemical
incompatibilities are almost without exception viewed as unfavourable interactions
(Patel et al., 2015; Fathima et al., 2011). These types of interactions can lead to degradation
of components within formulations that decreases efficacious functionality as well as safety of
the final product (Patel et al., 2015; Fathima et al., 2011). Contrary, physical interactions
should not be considered deleterious until confirmed by further investigation as these
interactions may sometimes contribute toward increased drug delivery. An example of
favourable physical interactions observed between a drug and excipient is complexation. This
interaction can be beneficial if a lipophilic drug, such as clofazimine, forms complexes with an
excipient for the purpose of obtaining increased bioavailability (Patel et al., 2015). A well-
known example of favourable complexation is the employment of cyclodextrin to enhance the
rate and extent of dissolution for orally administered drugs (Pateletal., 2015;
Loftsson & Brewster, 2012). However, cyclodextrin is not generally included in topical or
transdermal formulations (Haque & Talukder, 2018; Patel et al., 2015). Even so,
Haque and Talukder (2018) stated that the inclusion of cyclodextrin and free fatty acids in the
same formulation can complement each other as cyclodextrin improves aqueous solubility of
lipophilic drugs, while free fatty acids facilitate skin permeation of the solubilised drug.
Therefore, isothermal microcalometric results are employed to indicate potential
incompatibilities that exist between components, but are not used to identify the specific nature
of the interaction itself (Patel et al., 2015). Potential interactions were observed for the
combination of Span®0 with argan oil, macadamia oil and olive oil, respectively. These

potential interactions are represented in Figures F.6—F.8.

250



—— Measured —— Theoretical —— Interaction

=) C

] 0L

et L e

3 ;

= -100L

E -

3 L

< L

© -200 |

0 C

© L

E -300 |

z -

- | 1 | | 1 1 | | 1 | | 1 | 1
0 12 24 36 48
Time (h)

Figure F.6:  Heat flow graph obtained for the combination of argan oil and Span®60

An average heat flow of -21.674 uyW/g was depicted for the combination of argan oil and
Span®60, whereas an interaction error for this combination was established at 35.245 pw/g.
The difference between the measured average heat flow and calculated interaction error was
found to be higher than 10 pW/g; and therefore, it is possible that an incompatibility might exist

between the two compounds.
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Figure F.7:  Heat flow graph obtained for the combination of macadamia oil and Span®60

An average heat flow of -37.516 pW/g and an interaction error of 48.270 pW/g was obtained

for the combination, macadamia oil and Span®60. The difference between the measured
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average heat flow and determined interaction error is again indicative of an incompatibility

between macadamia oil and Span®60.
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Figure F.8: Heat flow graph obtained for the combination of olive oil and Span®60

For the olive oil and Span®60 combination, an average heat flow of -23.858 uyW/g and an
interaction error of 33.930 pW/g were measured. The difference between the measured
average heat flow and calculated interaction error barely exceeds 10 pW/g, and hence, this
slight potential of an incompatibility between olive oil and Span®60 must be subjected to further

investigation.

Potential interactions observed between argan-, macadamia- or olive oil and Span®60, are
suspected to be of a physical origin. This speculation is based on the finding that Span®60 is
frequently included as a co-surfactant within topical formulations as this non-ionic co-
surfactant does not easily cause skin irritation (Lémery et al., 2015). Additionally, Span®60 is
generally used in combination with Tween®80 during development of topical preparations as
this combination has depicted improved drug entrapment properties (Sambhakar et al., 2017).
What is more, no incompatibilities between Span®60 and any natural oil has been previously
reported. However, it might be useful to investigate other co-surfactants that can possibly
establish increased stability of the formulated SEDDS formulations and which do not depict

potential incompatibilities.

Span®60 is a solid substance at room temperature and difficulties arose during formulation
when Span®60, due to increased phase transition temperature, had to be dissolved in
Tween®80 while exposed to prolonged heating and stirring (Sambhakar et al., 2017).

Therefore, a co-surfactant with a decreased melting point (i.e. a co-surfactant that is a liquid
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state at room temperature) can possibly be investigated to substitute Span®60 in these
formulated topical SEDDS formulations. Examples of liquid state non-ionic co-surfactants
include: Span®80 and propylene glycol (Sekrani & Poncet, 2018; Mahdi et al., 2011). The
combination of Span®80 and Tween®80 is known to provide improved incorporation of the
agueous phase as these two excipients are prone to form fibre-resembling structures that
physically interact with one-another while providing a networked structure ideal to maintain
droplets dispersed in the continuous phase (Sagiri et al., 2012). Interestingly, Span®80 differs
from Span®60 in structure as well as droplet stabilising mechanism (Sambhakar et al., 2017).
Span®60 possesses a longer alkyl chain length compared to Span®80, which provides a
possible explanation for the improved drug entrapment capacity of Span®60
(Sambhakar et al., 2017). Span®80, in contrast, comprises an unsaturated alkyl chain ideal for
improved flexibility and rotation of the alkyl chain (Sambhakar et al., 2017). This improved
flexibility as well as rotational properties improve stearic hindrance facilitation by Span®80
(Sambhakar etal., 2017).

Abd-Allah et al (2010) reported the combination of Tween®80 and propylene glycol, with oleic
acid as the oil phase, the most successful vehicle utilised to topically deliver peroxicam.
Moreover, propylene glycol can be employed as an emollient, modulator of viscosity as well
as a skin penetration enhancer (Pushpalatha et al., 2019). Additionally, propylene glycol has
been reported a low risk substance in terms of causing skin irritation in a study that employed
data obtained over a period of 10 years (Lessmann et al., 2005). As cutaneous TB patients
are subjected to extended treatment periods, this decreased risk of skin irritancy as well as
low risk of skin sensitisation reactions are deemed highly favourable and predict possible
beneficial contributions toward safe and efficacious topical drug delivery
(Gunawan et al., 2018).

F.4 Conclusion

Despite the depiction of potential incompatibilities between components utilised during this
study, the finally selected SEDDS formulations facilitated successful topical delivery of
clofazimine. Therefore, incompatibilities can be subjected to further investigation while also
exploring alternative excipient combinations. Further studies can include exposing samples to
isothermal stress conditions followed by HPLC analysis in order to establish if physical or
chemical interactions occurred between excipients (Patel et al., 2015). Research involving
development of topical SEDDSs are considered highly favourable in terms of improved
thermodynamic stability, simplified formulation techniques, enhanced capacity for drug
loading, decreased droplet sizes, reduced interfacial tension together with intensified skin

penetration possibilities (Rani et al., 2019; El Khayat et al., 2018). Thus, this drug delivery
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system, originally developed to enhance oral drug delivery of lipophilic drugs, can be
considered a prospective topical and/or transdermal vehicle in terms of optimised dermal drug

delivery, especially for drugs as lipophilic as clofazimine.
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Annexure G

Author guidelines for Tuberculosis Journal

G.1 Description

Tuberculosis is a speciality journal focusing on basic experimental research on tuberculosis,
notably on bacteriological, immunological and pathogenesis aspects of the disease. The
journal publishes original research and reviews on the host response and immunology of
tuberculosis and the molecular biology, genetics and physiology of the organism, however
discourages submissions with a metaanalytical focus (for example, articles based on searches
of published articles in public electronic databases, especially where there is lack of evidence

of the personal involvement of authors in the generation of such material).

Areas on which submissions are welcomed include:
e Immunology
e Immunogenetics
o Pathogenetics
e Microbiology
e Microbial physiology
e Pathogenesis
o Pathology
e Molecular epidemiology
o Diagnostics
e Vaccine development

e Drug resistance

The resurgence of interest in tuberculosis has accelerated the pace of relevant research and
Tuberculosis has grown with it, as the only journal dedicated to experimental biomedical

research in tuberculosis.

G.2 Impact factor
2018: 2.790 © Clarivate Analytics Journal Citation Reports 2019
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G.3 Abstracting and indexing

e Scopus

o ADONIS

e Cambridge Scientific Abstracts
e Embase

¢ Biological Abstracts

e BIOSIS Citation Index

e PubMed/Medline

e Current Awareness in Biological Sciences
e Medical Documentation Service
e CAB International

e NMLUS

e UMI Microfilms

o Academy of Sciences Russia

G.4 Editorial board

G.4.1 Editor in Chief
Brian D. Robertson, Centre for Molecular Microbiology and Infection, Imperial College
London, 3.14 Flowers Building, South Kensington Campus, SW7 2AZ, London, England, UK

G.4.2 Reviews Editor
Patrick J. Brennan, Dept. of Microbiology, Immunology and Pathology, Colorado State
University, 1682 Campus Delivery, Fort Collins, Colorado, CO 80523-1682, USA

G.4.3 Editorial Advisory Board
A. Bhatt, Birmingham, UK

W. Bitter, Amsterdam, Netherlands

H. Boshoff, Bethesda, Maryland, USA

I. Comas, Valencia, Spain

J. Ernst, San Francisco, California, USA
H. Fletcher, London, England, UK

Q. Gao, Shanghai, China

S Gordon, Dublin, Ireland
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C. Guilhot, Toulouse, France

D. Nair

M. Niederweis, Birmingham, Alabama, USA

P Salgame, Newark, New Jersey, USA

S. Sampson, Stellenbosch, South Africa

R. Simmonds, Guildford, UK

P. Suffys, Rio de Janeiro, Brazil

Y. Suzuki, Japan

J. Triccas, Sydney, New South Wales, Australia
Y. Wang, China

K. Wilkinson, London, UK

G.5 Guide for authors

G.5.1 Article types
The following types of manuscripts are routinely accepted for consideration by Editors (please

note that word count is from abstract to references but excluding references):

Original Articles: The form of these articles is discussed fully below under manuscript

preparation; an abstract is required.

Letters: Headings should not be used in a letter; no abstract or keywords are required. The
text should be no more than 800 words; there should be a maximum of 5 references and one

table or figure may be included.

Reviews: An abstract and keywords are required. The text should be divided into sections by

suitable headings. Tables and figures may be used as appropriate for the text.

Comments: Editorial comments are generally invited by the Tuberculosis Editorial team. They

are 1,500 words in length with no abstract or keywords.

Short Communications: These should be no more than 2,500 words, with up to 15
references and a maximum of 3 figures or tables. It is strongly advised that Authors provide a
list of 4 or 5 potential reviewers (e-mail, phone and fax numbers) who are knowledgeable in
the subject matter, have no conflict of interest, and are likely to agree to review the manuscript.

When submitting your manuscript please specify under which of the following categories your

262



paper should be included if accepted for publication. This will be of great assistance to the

Editors with the review process:

e Reviews

e Comments

e Molecular Aspects

e Immunological Aspects

e Mechanisms of Pathogenesis

e Model Systems

e Bovine Tuberculosis

¢ Diagnostics

e Drug Discovery and Resistance
o Host Genetics of Susceptibility

¢ Non-tuberculous Mycobacteria

This Journal does not accept Case Reports.
Books for review may be sent to either Editor at the addresses given below.

Editorial correspondence should go to the Editors-in-Chief at one of the following addresses:

Professor Warwick J. Britton

Centenary Institute, and Disciplines of Medicine,

Immunology and Infectious Diseases,

Sydney Medical School, The University of Sydney, NSW 2006
Australia.

Tel: +61 2 9515 5210 (work)

Email: wbritton@med.usyd.edu.au

Brian D. Robertson, PhD

Imperial College London

Department of Microbiology

Centre for Molecular Microbiology and Infection
Flowers Building

London SW7 2AZ

UK

Tel: +44 (0)20 7594 3198

Fax: +44 (0)20 7594 3095

E-mail: b.robertson@imperial.ac.uk
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Reviews' Editor Patrick J. Brennan Department of Microbiology, Immunology and

PathologyCollege of Veterinary Medicine and Biomedical SciencesColorado State
UniversityFort CollinsCO 80523-1682USA

G.5.2 Submission checklist

You can use this list to carry out a final check of your submission before you send it to the

journal for review. Please check the relevant section in this Guide for Authors for more details.

G.5.3 Ensure that the following items are present:

e One author has been designated as the corresponding author with contact details:

E-mail address

Full postal address

e All necessary files have been uploaded:

e Manuscript:

Include keywords

All figures (include relevant captions)

All tables (including titles, description, footnotes)

Ensure all figure and table citations in the text match the files provided
Indicate clearly if color should be used for any figures in print

e Graphical Abstracts / Highlights files (where applicable)

e Supplemental files (where applicable)

e Further considerations

Manuscript has been 'spell checked' and 'grammar checked'

All references mentioned in the Reference List are cited in the text, and vice
versa

Permission has been obtained for use of copyrighted material from other
sources (including the Internet)

A competing interests statement is provided, even if the authors have no
competing interests to declare

Journal policies detailed in this guide have been reviewed

Referee suggestions and contact details provided, based on journal

requirements

e For further information, visit our Support Center.

264



G.6 Before you begin

G.6.1 Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

G.6.2 Ethics

Work on human beings that is submitted to Tuberculosis should comply with the principles laid
down in the Declaration of Helsinki; Recommendations guiding physicians in biomedical
research involving human subjects. Adopted by the 18th World Medical Assembly, Helsinki,
Finland, June 1964, amended by the 29th World Medical Assembly, Tokyo, Japan, October
1975, the 35th World Medical Assembly, Venice, Italy, October 1983, and the 41st World
Medical Assembly, Hong Kong, September 1989. The manuscript should contain a statement
that the work has been approved by the appropriate ethical committees related to the
institution(s) in which it was performed and that subjects gave informed consent to the work.
Studies involving experiments with animals must state that their care was in accordance with
institution guidelines. Studies on patients or volunteers require ethics committee approval and
informed consent which should be documented in your paper. Patients have a right to privacy.
Therefore, identifying information, including patients, images, names, initials, or hospital
numbers, should not be included in videos, recordings, written descriptions, photographs, and
pedigrees unless the information is essential for scientific purposes and you have obtained
written informed consent for publication in print and electronic form from the patient (or parent,
guardian or next of kin where applicable). If such consent is made subject to any conditions,
Elsevier must be made aware of all such conditions. Written consents must be provided to
Elsevier on request. Even where consent has been given, identifying details should be omitted
if they are not essential. If identifying characteristics are altered to protect anonymity, such as
in genetic pedigrees, authors should provide assurance that alterations do not distort scientific
meaning and editors should so note. If such consent has not been obtained, personal details
of patients included in any part of the paper and in any supplementary materials (including all

illustrations and videos) must be removed before submission.

G.6.3 Randomised controlled trials

All randomised controlled trials submitted for publication in Tuberculosis should include a
completed Consolidated Standards of Reporting Trials (CONSORT) flow chart. Please refer
to the CONSORT statement website at http://www.consort-statement.org for more
information. Tuberculosis has adopted the proposal from the International Committee of
Medical Journal Editors (ICMJE) which require, as a condition of consideration for publication

of clinical trials, registration in a public trials registry. Trials must register at or before the onset
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of patient enrolment. The clinical trial registration number should be included at the end of the
abstract of the article. For this purpose, a clinical trial is defined as any research project that
prospectively assigns human subjects to intervention or comparison groups to study the
cause-and-effect relationship between a medical intervention and a health outcome. Studies
designed for other purposes, such as to study pharmacokinetics or major toxicity (e.g. phase

| trials) would be exempt. Further information can be found at www.icmje.org.

G.6.4 Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. Authors must

disclose any interests in two places:

1. Asummary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state
this: 'Declarations of interest: none'. This summary statement will be ultimately
published if the article is accepted.

2. Detailed disclosures as part of a separate Declaration of Interest form, which forms
part of the journal's official records. It is important for potential interests to be declared

in both places and that the information matches.

G.6.5 Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright holder. To verify originality, your

article may be checked by the originality detection service Crossref Similarity Check.

G.6.6 Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see

'‘Multiple, redundant or concurrent publication' for more information).
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G.6.7 Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about
the beliefs or commitments of any reader, should contain nothing which might imply that one
individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from
bias, for instance by using 'he or she’, 'his/her' instead of 'he’ or 'his’, and by making use of job
titles that are free of stereotyping (e.g. 'chairperson' instead of ‘chairman’ and 'flight attendant’
instead of 'stewardess’).

G.6.8 Authorship

All authors should have made substantial contributions to all of the following:

1. the conception and design of the study, or acquisition of data, or analysis and
interpretation of data,
2. drafting the article or revising it critically for important intellectual content, (3) final

approval of the version to be submitted.

G.6.9 Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To
request such a change, the Editor must receive the following from the corresponding author:
(a) the reason for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed. Only
in exceptional circumstances will the Editor consider the addition, deletion or rearrangement
of authors after the manuscript has been accepted. While the Editor considers the request,
publication of the manuscript will be suspended. If the manuscript has already been published

in an online issue, any requests approved by the Editor will result in a corrigendum.

G.6.10 Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At
manuscript submission, authors must provide the CONSORT checklist accompanied by a flow
diagram that illustrates the progress of patients through the trial, including recruitment,

enrollment, randomization, withdrawal and completion, and a detailed description of the
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randomization procedure. The CONSORT checklist and template flow diagram are available

online.

G.6.11 Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations.
Trials must register at or before the onset of patient enrolment. The clinical trial registration
number should be included at the end of the abstract of the article. A clinical trial is defined as
any research study that prospectively assigns human participants or groups of humans to one
or more health-related interventions to evaluate the effects of health outcomes. Health-related
interventions include any intervention used to modify a biomedical or health-related outcome
(for example drugs, surgical procedures, devices, behavioural treatments, dietary
interventions, and process-of-care changes). Health outcomes include any biomedical or
health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the assignment
of the medical intervention is not at the discretion of the investigator) will not require

registration.

G.6.12 Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail 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. 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. For gold open access articles: Upon
acceptance of an article, authors will be asked to complete an 'Exclusive License Agreement'
(more information). Permitted third party reuse of gold open access articles are determined by

the author's choice of user license.

G.6.13 Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information. Elsevier supports responsible sharing. Find out how you can share your research

published in Elsevier journals.
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G.6.14 Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement, then this should be stated. Funding body agreements and policies Elsevier has
established a number of agreements with funding bodies which allow authors to comply with
their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online. After
acceptance, open access papers will be published under a non-commercial license. For
authors requiring a commercial CC BY license, you can apply after your manuscript is

accepted for publication.

G.6.15 Open access

This journal offers authors a choice in publishing their research:

Subscription

» Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

» No open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repository
and make this public after an embargo period (known as green Open Access). The
published journal article cannot be shared publicly, for example on ResearchGate or
Academia.edu, to ensure the sustainability of peer reviewed research in journal

publications. The embargo period for this journal can be found below.

G.6.16 Gold open access
» Atrticles are freely available to both subscribers and the wider public with permitted
reuse.
* A gold open access publication fee is payable by authors or on their behalf, e.g. by

their research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer
review criteria and acceptance standards. For gold open access articles, permitted third party
(re)use is defined by the following Creative Commons user licenses: Creative Commons
Attribution-NonCommercial-NoDerivs (CC BY-NC-ND). For non-commercial purposes, lets
others distribute and copy the article, and to include in a collective work (such as an

anthology), as long as they credit the author(s) and provided they do not alter or modify the
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article. The gold open access publication fee for this journal is USD 2650, excluding taxes.

Learn more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

G.6.17 Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our open access page for
further information. Authors can also self-archive their manuscripts immediately and enable
public access from their institution's repository after an embargo period. This is the version
that has been accepted for publication and which typically includes author-incorporated
changes suggested during submission, peer review and in editor-author communications.
Embargo period: For subscription articles, an appropriate amount of time is needed for
journals to deliver value to subscribing customers before an article becomes freely available
to the public. This is the embargo period and it begins from the date the article is formally
published online in its final and fully citable form. Find out more. This journal has an embargo

period of 12 months.

G.6.18 Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher
Academy

offers several interactive modules, webinars, downloadable guides and resources to guide
you through the process of writing for research and going through peer review. Feel free to
use these free resources to improve your submission and navigate the publication process

with ease.

G.6.19 Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish
to use the English Language Editing service available from Elsevier's Author Services. Original
articles and suggestions for review articles should be submitted by online submission at:

https://www.evise.com/profile/api/navigate/TUBE. During the submission process, the author

should submit the manuscript file, figures, tables, acknowledgements, supplements and any
other files, which need to be reviewed, in one file. The cover letter and any additional

documents should be submitted as a separate file.
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G.6.20 Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

G.7 Preparation

Papers should be submitted in journal style and must be written in good English. Failure to do
so may lead to significant delays in publication. Spelling may be British or American, but this
must be consistent throughout the paper. It is highly recommended that authors use the "spell-
checking" facility on their word processing software. Format the entire manuscript using 1.5
double spacing and 2 cm margins. Your paper should include page numbers and consecutive
line numbering. Ensure that each new paragraph is clearly indicated. Present tables and figure
legends on separate pages at the end of the manuscript. If possible, consult a recent issue of
the journal to become familiar with layout and conventions. Number all pages consecutively.
Authors should note that upon submission of their manuscripts to the Editor, they must ensure
that they have adhered to the following checklist:

One author is designated as the corresponding author and provides the following

information:

* E-mail address
» Full postal address

* Telephone and fax numbers

Papers should be set out as follows, with each section beginning on a separate sheet: title
page, summary, keywords, text, acknowledgements, references, tables, captions to

illustrations.

» Title page: The title page should give the following information (in the order stated):

» Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

* Author names and affiliations. Where the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the

country name, and the e-mail address of each author.
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» Corresponding author. Clearly indicate who is willing to handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that telephone and
fax numbers (with country and area code) are provided in addition to the e-mail
address and the complete postal address.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Abstract: Original articles should include an abstract of no more than 200 words. Abstracts for
review articles may be up to 300 words, and for short communications 150 words. A recent
copy of the journal should be consulted as a guide. An abstract is often presented separate
from the article, so it must be able to stand alone.

Keywords: Immediately after the abstract, provide a minimum of 3maximum of 6 keywords,
avoiding general and plural terms and multiple concepts (avoid, for example, '‘and’, 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible.
These keywords will be used for indexing purposes. DNA sequences and GenBank Accession
numbers: Many Elsevier journals cite "gene accession numbers" in their running text and
footnotes. Gene accession numbers refer to genes or DNAsequences about which further
information can be found in the databases at the National Center for Biotechnical Information
(NCBI) at the National Library of Medicine. Elsevier authors wishing to enable other scientists
to use the accession numbers cited in their papers via links to these sources, should type this
information in the following manner: For each and every accession number cited in an article,
authors should type the accession number in bold, underlined text. Letters in the accession
number should always be capitalised. (See Example below). This combination of letters and
format will enable Elsevier's typesetters to recognise the relevant texts as accession numbers

and add the required link to GenBank's sequences.

Example: "GenBank accession nos. Al631510, AI631511 , Al632198 , and BF223228 ), a
Bcell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048 ), and a
T-cell lymphoma (GenBank accession no. AA361117 )". Authors are encouraged to check
accession numbers used very carefully. An error in a letter or number can result in a dead
link. In the final version of the printed article, the accession number text will not appear bold
or underlined. In the final version of the electronic copy, the accession number text will be
linked to the appropriate source in the NCBI databases enabling readers to go directly to that

source from the article. Text: Headings should be appropriate to the nature of the paper. In
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general, those for experimental papers should follow the usual conventions. Other papers can
be subdivided as the author desires; the use of headings enhances readability. Normally only
two categories of headings should be used: major ones should be typed in capital letters;
minor ones should be typed in lower case (with an initial capital letter) at the left hand margin
and underlined. Do not use "he", "his", etc where the sex of the person is unknown; say "the
patient”, etc. Avoid inelegant alternatives such as "he/she". Patients should not be
automatically designated as "she", and doctors as "he".

G.8 Short communications

Editors/Section Editors may recommend conversion of longer manuscripts to shorter versions,
or short communications may be submitted as such. We recommend the format described by

ASM publications (asm.journals.org).

G.8.1 Peer review

This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper.
The Editor is responsible for the final decision regarding acceptance or rejection of articles.
The Editor's decision is final. More information on types of peer review.

G.8.2 Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar
to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that
source files of figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork. To avoid unnecessary errors,
you are strongly advised to use the 'spell-check’ and ‘grammar-check' functions of your word

processor.

G.8.3 Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section

numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
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text'. Any subsection may be given a brief heading. Each heading should appear on its own

separate line.

G.8.4 Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion or Results and Discussion section.

G.8.5 Essential title page information

» Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

+ Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lowercase superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address
of each affiliation, including the country name and, if available, the e-mail address of
each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.

Superscript Arabic numerals are used for such footnotes.

G.8.6 Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of bullet
points that capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the examples here: example Highlights.
Highlights should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85

characters, including spaces, per bullet point).
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G.8.7 Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

G.8.8 Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language

help, writing assistance or proof reading the article, etc.).

G.8.9 Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa]. It is not necessary to include detailed
descriptions on the program or type of grants and awards. When funding is from a block grant
or other resources available to a university, college, or other research institution, submit the
name of the institute or organization that provided the funding. If no funding has been provided
for the research, please include the following sentence: This research did not receive any

specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

G.8.10 Units
Follow internationally accepted rules and conventions: use the international system of units

(SI). If other units are mentioned, please give their equivalent in Sl.

G.8.11 Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves separately

at the end of the article. Do not include footnotes in the Reference list.

G.8.12 Artwork

Electronic artwork:
» Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.
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» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

» Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the printed version.

* Submit each illustration as a separate file.

G.8.13 Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format. Regardless of the application used
other than Microsoft Office, when your electronic artwork is finalized, please 'Save as' or
convert the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/ halftone combinations given below): At this time the following
file types are not supported in Evise and would need to be sent outside of Evise to the JM to
process after acceptance EPS, CSV, Video, KML/KMZ, mol, Newick or NeXML, MATLAB,
PDB, PSE or MOL/MOLZ2, or NIfTI).

» EES: For supported file types in EES, please visit our Support site for EES
» Evise: For supported file types in Evise, please visit ourSupport site for Evise.

Note: Both lists will be expanded as more file types are supported.

G.8.14 Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), PDF or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will
appear in color on the Web (e.g., ScienceDirect and other sites) in addition to color
reproduction in print. For supported file types in EES, please visit our Support site for EES.

Evise: For supported file types in Evise, please visit our Support site for Evise.

Note: Both lists will be expanded as more file types are supported.

G.8.15 lllustration services

Elsevier's Author Services offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images, as well
as a full range of charts, tables and graphs. Image 'polishing’ is also available, where our
illustrators take your image(s) and improve them to a professional standard. Please visit the

website to find out more.
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G.8.16 Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.

G.8.17 Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned
in the text. If these references are included in the reference list, they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'

implies that the item has been accepted for publication.

G.8.18 Role of the funding source

All sources of funding should be declared as an acknowledgement at the end of the text.
Authors should declare the role of study sponsors, if any, in the study design, in the collection,
analysis and interpretation of data; in the writing of the manuscript; and in the decision to
submit the manuscript for publication. If the study sponsors had no such involvement, the

authors should so state.

G.8.19 Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset] identifier will not

appear in your published article.

G.8.20 Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley. Using citation plug-ins from these products, authors
only need to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no template
is yet available for this journal, please follow the format of the sample references and citations

as shown in this Guide. If you use reference management software, please ensure that you
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remove all field codes before submitting the electronic manuscript. More information on how
to remove field codes from different reference management software. Users of Mendeley
Desktop can easily install the reference style for this journal by clicking the following link:

http://open.mendeley.com/use-citation-style/tuberculosis When preparing your manuscript,

you will then be able to select this style using the Mendeley plugins for Microsoft Word or
LibreOffice.

G.8.21 Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/ book title, chapter title/article title, year of publication, volume number/book
chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the
author to correct. If you do wish to format the references yourself, they should be arranged

according to the following examples:

G.8.22 Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given. List: Number
the references (numbers in square brackets) in the list in the order in which they appear in the
text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun 2010;163:51-9. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19 e00205. https://doi.org/10.1016/j.heliyon.2018.e00205
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http://open.mendeley.com/use-citation-style/tuberculosis

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
Smith RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p.
281-304.

Reference to a website:

[5] Cancer Research UK. Cancer  statistics reports  for  the UK,
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 [accessed
13 March 2003].

Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, vl1; 2015.
https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the
first 6 should be listed followed by 'et al.' For further details you are referred to 'Uniform
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc
1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source:

Journal names should be abbreviated according to the List of Title Word Abbreviations.

G.8.23 Data visualisation
Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about

available data visualization options and how to include them with your article.

G.8.24 Supplementary and multimedia data

Elsevier accepts electronic supplementary and multimedia data to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to publish
supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips and more. Supplementary files supplied will be published online

alongside the electronic version of your article in Elsevier Web products, including
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ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material
is directly usable, please ensure that data are provided in one of our recommended file
formats. At this time the following file types are not supported in Evise and would need to be
sent outside of Evise to the JM to process after acceptance EPS, CSV, Video, KML/ KMZ,
mol, Newick or NeXML, MATLAB, PDB, PSE or MOL/MOLZ2, or NIfTI).

+ EES: For supported file types in EES, please visit our Support site for EES.
+ Evise: For supported file types in Evise, please visit our Support site for Evise.

Note: Both lists will be expanded as more file types are supported.

G.8.25 Research data

This journal requires and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings.
To facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to
the project. Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your manuscript. When
sharing data in one of these ways, you are expected to cite the data in your manuscript and
reference list. Please refer to the "References" section for more information about data
citation. For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.

G.8.26 Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described. There are different ways to link your
datasets to your article. When available, you can directly link your dataset to your article by
providing the relevant information in the submission system. For more information, visit the
database linking page. For supported data repositories a repository banner will automatically
appear next to your published article on ScienceDirect. In addition, you can link to relevant
data or entities through identifiers within the text of your manuscript, using the following format:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).
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G.8.27 Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to upload
your relevant datasets directly to Mendeley Data. The datasets will be listed and directly
accessible to readers next to your published article online. For more information, visit the
Mendeley Data for journals page.

G.8.28 Data statement

To foster transparency, we require you to state the availability of your data in your submission
if your data is unavailable to access or unsuitable to post. This may also be a requirement of
your funding body or institution. You will have the opportunity to provide a data statement
during the submission process. The statement will appear with your published article on

ScienceDirect. For more information, visit the Data Statement page.

G.9 After acceptance

G.9.1 Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition
to editing text, you can also comment on figures/tables and answer questions from the Copy
Editor. Web-based proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of errors. If preferred, you
can still choose to annotate and upload your edits on the PDF version. All instructions for
proofing will be given in the e-mail we send to authors, including alternative methods to the
online version and PDF. We will do everything possible to get your article published quickly
and accurately. Please use this proof only for checking the typesetting, editing, completeness
and correctness of the text, tables and figures. Significant changes to the article as accepted
for publication will only be considered at this stage with permission from the Editor. It is
important to ensure that all corrections are sent back to us in one communication. Please
check carefully before replying, as inclusion of any subsequent corrections cannot be

guaranteed. Proofreading is solely your responsibility.

G.9.2 Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days’
free access to the final published version of the article on ScienceDirect. The Share Link can

be used for sharing the article via any communication channel, including email and social
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media. For an extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's Author Services. Corresponding authors who have
published their article gold open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

G.9.3 Proprietary names
Proprietary names of drugs, instruments, etc. should be indicated by the use of initial capital
letters.

G.10 Author enquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from or find out when your accepted article will be published. Frequently Asked Questions to

ways to get in touch. You can also check the status of your submitted article.
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Annexure H

Author guidelines for AAPS PharmSciTech Journal

H.1 Introduction

AAPS PharmSciTech (ISSN 1530-9932) is a peer-reviewed online-only journal owned by the
American Association of Pharmaceutical Scientists (AAPS). The journal's mission is to
disseminate scientific and technical information on drug product design, development,
evaluation, and processing to the global pharmaceutical research community. The journal is
indexed by PubMed/Medline, Index Medicus, Institute of Scientific Information's Science

Citation Index Expanded, and Chem Abstracts.

Editor-in-Chief Robert O. (Bill) Williams Ill, Ph.D., oversees an international editorial board
of leading researchers in the pharmaceutical sciences. Williams is a professor of pharmacy at
the University of Texas at Austin, College of Pharmacy.

H.2 Types of manuscripts

AAPS PharmSciTech publishes the following article types. For examples of published articles,

please visit www.PharmaGateway.net.

Reviews, usually by invitation and sometimes organized into theme issues, report on recent
advances in pharmaceutical research. Unsolicited reviews are considered only if they are

authored by investigators who have demonstrated expertise in the relevant areas.

Mini-reviews discuss a more narrowly focused topic of recent research. Unsolicited mini-
reviews are considered only if they are authored by investigators who have demonstrated

expertise in the relevant areas.

Original research papers contain innovative, hypothesis-driven research that is supported

by sound experimental design, methodology, and data interpretation.

Brief technical notes, normally more limited in scope than original research papers, must be

of high quality, general interest, and sufficient importance to warrant publication.

Rapid communications provide a venue for fast-breaking research updates or other news
items. The justification for rapid communication should be stated in the cover letter during

submission.
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Regulatory notes provide a summary of regulatory decisions made and rationale for the
regulatory decision made on a product. These notes are typically submitted by invitation only,

but authors may propose notes to the editors.

Editorials, commentaries, or summaries are usually published by invitation only. These

articles contain topical issues of public and scientific interest.

Meeting reports on AAPS or AAPS-affiliated meetings provide readers with summaries of
such meetings, including consensus views. When a meeting report purports to be a consensus
report, it may, at the editor-in-chief’s discretion, adhere to the AAPS Guideline for Review of
Opinions and Summary Reports, available at www.aaps.org/guidelineopinions. The
corresponding author must 2 complete and submit the Corresponding Author’'s Consent to
Publish form (www.aaps.org/consentcorr) and all contributing authors must complete and

submit the Contributing Author’s Consent to Publish form (www.aaps.org/consentcont).

Meeting notices provide readers with information on upcoming AAPS or AAPS-affiliated
meetings. They should include the title of the meeting, date, time, location, an outline,
description of meeting topics, and a list of invited speakers. If possible, meeting notices should
include contact information for the organizers and a URL to the meeting’s webpage. Meeting

notices should be submitted to the AAPS Editorial Office 2—3 months prior to the meeting.

Letters to the editor may be submitted by readers commenting on articles already published

by the journal.

White Papers describe a current problem or issue and propose a solution. White papers
written on behalf of AAPS groups are subject to the AAPS Guideline for Review of Opinions
and Summary Reports (www.aaps.org/guidelineopinions) at the discretion of the editor-in-

chief.

All articles published in the journal will follow the Springer Online First production workflow,
enabling publication on the SpringerLink website after receipt of author corrections to page

proofs.

H.3 Manuscript submission

AAPS uses Editorial Manager as its peer review tracking system. Manuscripts must be
submitted online by the corresponding author at www.editorialmanager.com/aapspt. You may
be required to register as a new user with Editorial Manager upon your first visit.
Straightforward sign in and registration procedures can be found on the website. Editorial

Manager allows authors to track the progress of manuscript review in real time. Detailed, step-
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by-step instructions for submitting manuscripts can be found on the website. All

correspondence regarding your manuscript must go through Editorial Manager.

H.3.1 Special features, Appendices, and supplementary material

These materials can be accommodated and may contain highly interactive features or large
databases. All authors are encouraged to take full advantage of the Web-only capabilities of
online publishing, including 3-D, video, and interactive graphics. All special features must be
created by the author.

Authors who wish to publish electronic supplementary material with their article (Excel files,
images, audio/video files, etc.) must submit the supplementary files/materials with their
manuscript submission via our online peer review tracking system, Editorial Manager. These
files may be submitted as one file or multiple files as desired by the authors. Accepted formats
for these files include DOC, DOCX, XLS, XLSX, JPG, PDF, and for videos, MPEG-3 format.
If a desired technical feature is in a different format or not covered in the author instructions,
please contact the AAPS Editorial Office (AAPSPT@aaps.org) for assistance. Note that
supplementary files are not automatically sent to production if the article is accepted. Please
therefore note in a cover letter if these materials should be evaluated by reviewers only (not
published), or if the supplemental files should be included for review and be published with
the article should the manuscript be accepted for publication. If the supplemental files are

LT

intended for publication, references using “supplemental 1,” “supplemental 2,” etc. should be
placed in the appropriate location within the text of the manuscript body. Supplemental files

are published as-is, with no copyediting or formatting by Production.

H.3.2 Hypertext links

Authors may identify URLSs for websites that provide the reader with additional information on
the topic addressed in the manuscript. Although URLs are an important feature of electronic
publishing, authors are encouraged to be selective in their choice of sites to include. Do not
include URLSs for webpages with newspaper or journal articles that will be removed or archived
to another web page. Links to pharmaceutical manufacturers or other sources of product
information are acceptable; however, providing a URL to the reader should not be substituted
for adequate discussion within the manuscript itself. Do not include links to sites that are not

accessible without a password.

www.editorialmanager.com/aapspt
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H.4 Terms of manuscript consideration

H.4.1 AAPS Journals’ ethics policy

The editors-in-chief of the three AAPS journals, Pharmaceutical Research, The AAPS Journal,
and AAPS PharmSciTech, along with the AAPS Publications Committee, developed an
integrated ethics policy to guide decision-making across the three journals. The document is
based on the recommendations on publication ethics policies for medical journals published
by the World Association of Medical Editors (WAME), posted at

www.wame.org/about/recommendations-on-publication-ethics-policie .

Authors are required to review and adhere to the AAPS Journals Ethics Policy
(www.aaps.org/journalsethics) in full prior to submitting manuscripts to AAPS PharmSciTech.

Excerpts from the policy are outlined below.

H.4.2 Full disclosure

During the manuscript submission process, all authors will be required to confirm that the
manuscript has not been previously published in any language anywhere and that it is not
under simultaneous consideration by another journal. The journal policy regarding compound
disclosure centers on the data presented. If specific data relating to the study compound are
reported, then the journal requires identification so that reviewers and readers can judge,
based on general principles, whether the data are plausible and internally consistent, and to
potentially allow future examination and/or validation of the results and conclusions reported.
If however a library of compounds is used to generate correlations, such as in QSAR when
the scope and diversity of the compounds are described, then it is possible that the specific
chemical compositions of the compounds need not be identified, subject to the discretion of

the reviewers and the editor.

H.4.3 Conflicts of interest

Authors will be required to declare all conflicts of interest (or their absence) during the
submission of a manuscript. This conflict declaration includes conflicts or potential conflicts of
all listed authors. If any conflicts are declared, AAPS will publish them with the paper. In cases

of doubt, the circumstance should be disclosed so that the editors may assess its significance.

Conflicts may be financial, academic, commercial, political, or personal. Financial interests
may include employment, research funding (received or pending), stock or share ownership,
patents, payment for lectures or travel, consultancies, nonfinancial support, or any fiduciary

interest in a company.
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www.aaps.org/journalsethics

H.4.4 Copyright transfer

The corresponding author, on behalf of all authors, must transfer copyright of the work to the
publisher (the American Association of Pharmaceutical Scientists) in order to provide for the
widest possible dissemination of professional and scientific literature. A signed Transfer of
Copyright form must be submitted online with the manuscript. The Transfer of Copyright form
for an accepted manuscript must be on file with the AAPS Editorial Office prior to production
for publication. Corresponding authors may print and sign or electronically sign the form on
behalf of all authors. The Transfer of Copyright form can be found at www.aaps.org/copyright.

H.4.5 Research data policy

The journal encourages authors, where possible and applicable, to deposit data that support
the findings of their research in a public repository. Authors and editors who do not have a
preferred repository should consult Springer Nature’s list of repositories and research data
policy. General repositories — for all types of research data — such as figshare and Dryad may
also be used. Datasets that are assigned digital object identifiers (DOIs) by a data repository
may be cited in the reference list. Data citations should include the minimum information
recommended by DataCite: authors, title, publisher (repository name), identifier. Springer
Nature provides a research data policy support service for authors and editors, which can be
contacted at researchdata@springernature.com. This service provides advice on research
data policy compliance and on finding research data repositories. It is independent of journal,
book and conference proceedings editorial offices and does not advise on specific

manuscripts.
H.5 Ethics in animals and clinical investigations

H.5.1 Human subjects and clinical trials

AAPS journals require author(s) at the time of manuscript submission to make a statement in
the cover letter indicating documented review and approval from a formally constituted review
board (Institutional Review Board or ethics committee) for all studies involving people, medical
records, and human tissues, per the uniform guidelines from the World Medical Association
(www.wma.net/en/30publications/10policies/index.html). Studies and research using human
subjects, medical records, and human tissues (including educational research) must also state

this compliance within the Methods section of the paper.

AAPS journals also require that controlled clinical trials must be registered in a publicly

available database or the journals will not publish the results of these trials. Manuscripts
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submitted to the journals must include trial registration information in the cover letter. To
register a clinical trial, authors should go to the NIH registry (www.clinicaltrials.gov) or the
International Standard Randomized Controlled Trials database (http://isrctn.org). Further
information can be obtained from the International Committee of Medical Journal Editors

(ICMJE) at www.icmje.org/about-icmje/fags/clinical-trials-registration.

H.5.2 Animal use and assurances

AAPS journals require author(s) at the time of manuscript submission to make a statement in
the cover letter indicating that animal experiments are conducted in full compliance with local,
national, ethical, and regulatory principles and local licensing regulations, per the spirit of
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)
International’'s  expectations for animal care and use/ethics committees
(www.aaalac.org/education/module_1.cfm). Investigations using experimental animals
(including educational research) must also state this compliance within the Methods section

of the paper.

H.6 Originality of manuscripts

Authors of manuscripts submitted to AAPS are obliged to present accurate representation of
the research performed along with an objective discussion of the significance of their findings.
The author’'s submission should be original work that reflects research undertaken with
integrity and honesty, and that conforms to ethical practices outlined in the AAPS Journals
Ethics Policy. Authors should be willing to reply to any reasonable request from editors,
referees, and scientists for materials, methods, or data necessary for verification of the

conclusions reported in the paper.

H.6.1 Use of copyrighted tables and figures

It is the authors’ responsibility to obtain permission of any tables/figures in compliance with
the AAPS Journals Transfer of Copyright Agreement and AAPS Electronic Journals Ethics
Policy for any copyrighted material used in an AAPS journal submission. A copy of the granted
permission to use copyrighted figures, tables, or other material must be included with the

submitted manuscript.

H.6.2 Peer review

All submissions will be reviewed anonymously by at least 2 independent reviewers. Authors
are encouraged to submit names and email addresses of expert reviewers, but selection
remains the prerogative of the editors. Authors should not recommend work colleagues or co-
authors/collaborators as expert reviewers for their own papers. Authors may include

supplementary notes to facilitate the review process. If an accepted paper is cited that has not
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yet appeared in print and is required for evaluation of the submitted manuscript, authors should
provide an electronic version for use by the reviewers. Authors are responsible for all
statements in their work, including changes made by the copyeditor after a manuscript is

accepted.

www.icmje.org/recommendations/browse/manuscript-preparation/preparing-for-

submission.html

H.7 Points on novelty and significance
Novelty: Your results must be new and not resemble something formerly known or used. You

must clearly make the case that your paper presents novel results.

Significance: Your paper must emphasize why anyone would care about your work and why
someone would want to read your work. You must make a compelling case in the Introduction

and Discussion sections of the significance of your work.

H.8 Manuscript organisation

Several components of the manuscript must be submitted as individual files within Editorial
Manager: cover letter, title page, manuscript body (including references list), individual
figure/table files, and the Transfer of Copyright.

H.8.1 Cover letter

A cover letter is recommended, but not required. Please note, a cover letter is required for a
rapid communication submission. Authors who wish to submit names and email addresses of
recommended reviewers for the peer review process may indicate those in the cover letter or

during the submission process.

H.8.2 Title page

The title page must be submitted as a separate file and should include:

the title of the article,
author names with full first name (no degrees),

each author’s affiliation, and

P w D P

a suggested running head (of less than 50 characters, including spaces).

The affiliation should comprise the department, institution (usually university or company), city,
and state (or nation) and should be typed as a footnote to the author's name. For the

corresponding author designated to correspond with the AAPS Editorial Office and review
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proofs, indicate his/her complete mailing address, office/cellular telephone number, fax

number, and email address.

H.8.3 Transfer of copyright
A signed copy of the Transfer of Copyright must be submitted online as part of the manuscript
submission process. The Transfer of Copyright is available at:

www.aaps.org/copyright

H.8.4 Abstract

The abstract is limited to 250 words or less. For original research articles, the abstract should
include a brief (2 to 3 sentence) statement for each of the following sections: Introduction,
Materials and Methods, Results, Discussion, and Conclusion, written in paragraph form. All
abstracts must be written in one paragraph, with no subheadings, equations, tables, reference

citations, or graphics.

The abstract must state the significance of the paper and the problem or question being
addressed in the first sentence; what you found (include key data numbers); and what you

conclude. Tenses should not be mixed in the paper: use the past tense.

Only reviews, mini-reviews, original research articles, rapid communications, and meeting

reports require an abstract.
AAPS journals do not publish graphical abstracts.

H.8.5 Keywords

Provide a list of no more than 5 key words.

H.8.6 Manuscript body
For original research articles, brief technical notes, and rapid communications, organize the

main text as follows:

Introduction
Materials and Methods
Results

Discussion

a > w DN e

Conclusion

The use of subheadings to divide the text is encouraged. Primary, secondary, and tertiary

level headings should be clearly defined; do not use numbers or letters in headings.
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Introduction: The introduction must define the scope of your paper; articulate the question or
hypothesis; summarize relevant work to the study being reported; and inform the reader of the
rationale and significance of the study. Required for reviews, mini-reviews, original research

articles, and meeting reports only.

Materials and Methods: Clearly define in detail how you conducted the study. Colleagues
reading your paper must be able to replicate your experiments and determine whether your

conclusions are warranted.
Results: Report what you found. Supplement the text with tables and figures.

Discussion: In this section, preferably separate from the Results section, explain what your
findings mean, using the literature in great detail to compare and contrast your data with
literature; use the literature as evidence to support your assertion. Explain the significance of
your results and their practical implications.

Recommended maximum word counts are as follows:

o Reviews, original research articles, meeting reports, and white papers: 5,000
e Mini-reviews: 2,500

e Brief technical notes and rapid communications: 1,200
Conclusion: Did your findings support your hypothesis? Explain.
Citations: 45-50 relevant citations

H.8.7 General Manuscript Body Guidelines

e The submission must include continuous line numbers in the manuscript body file.

e Use abbreviations sparingly and define them at the first insertion in the text. Define all
abbreviations used in tables within the table footnotes.

e Use the metric system for all measurements. Express metric abbreviations in
lowercase letters without periods (cm, mL, sec).

o Define all symbols used in equations and formulas. When symbols are used
extensively, the authors may include a list of all symbols in a table.

¢ Numbers should be reported to reflect the precision of the instrumentation utilized.
Calculated numbers, such as means and standard deviations, should be expressed to
no more than one significant digit beyond the precision of the instrument. Normally,
data reported to more than 3 significant figures should be justified. The precision of the

variability (e.g., standard deviation) should not exceed that of the reported mean value.
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H.8.8 Acknowledgements

May be included in the manuscript body. Include funding source(s) and other contributions. If
the work has been funded by NIH, please provide name(s) of funding institute(s) and grant
number(s). This information is required for automatic deposit into PUBMED Central by the
publisher.

H.9 References

References should conform to Vancouver style and be numbered consecutively in the order
in which they are cited in the text. Cite in the text by the appropriate Arabic numeral enclosed
in parentheses, e.g., (1), (2-5), etc. You should typically use 45-50 relevant references,

including references from this journal, but you may use more if warranted.
Maximum reference limits are as follows:

¢ Reviews, original research articles, meeting reports, and white papers: 100
e Mini-reviews: 40

e Brief technical notes and rapid communications: 20

References to unpublished, peer-reviewed, personal communications, including conference
abstracts and papers in preparation or in review, cannot be listed but can be notated
parenthetically in the text.

Abbreviations for journal names should conform to those of Vancouver style. The style and

punctuation of the references should conform to the following examples:

H.9.1 Examples by type

1. Journal article Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

2. Journal article with DOI (and with page numbers) O'Mahony S, Rose SL, Chilvers
AJ, Ballinger JR, Solanki CK, Barber RW, et al. Finding an optimal method for imaging
lymphatic vessels of the upper limb. Eur J Nucl Med Mol Imaging. 2004;31:555-63.
doi:10.1007/s00259-003-1399-3.

3. Journal article by DOI (before issue publication with page numbers) O'Mahony
S, Rose SL, Chilvers AJ, Ballinger JR, Solanki CK, Barber RW, et al. Finding an optimal
method for imaging lymphatic vessels of the upper limb. Eur J Nucl Med Mol Imaging.
2004. doi:10.1007/s00259-003-1399-3.

4. Article in electronic journal by DOI (no paginated version) Slitka MK, Whitton JL.
Clinical implications of dysregulated cytokine production. Dig J Mol Med. 2000.
doi:10.1007/s801090000086.
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10.

11.

12.

13.

14.

Journal article in a supplement Frumin AM, Nussbaum J. Esposito M. Functional
asplenia: demonstration of splenic activity by bone marrow scan. Blood 1979; 59
Supple 1:26-32.

Book chapter Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of
apoptosis. In: Bourne GH, Danielli JF, Jeon KW, editors. International review of
cytology. London: Academic; 1980. p. 251-306.

OnlineFirst chapter in a series (without a volume designation but with a DOI)
Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess
and chiral symmetry breaking. Top Curr Chem. 2007. doi:10.1007/128 2006_108.
Book, authored Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science; 1998.

Online document Doe J. Title of subordinate document. In: The dictionary of
substances and their effects. Royal Society of Chemistry. 1999.
http://www.rsc.org/doseftitle of subordinate document. Accessed 15 Jan 1999.
Online database Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998.
http://www.healthwise.org. Accessed 21 Sept 1998.

Supplementary material/private homepage Doe J. Title of supplementary material.
2000. http://www.privatehomepage.com. Accessed 22 Feb 2000.

University site Doe, J.: Title of preprint. http://www.uni-heidelberg.de/mydata.htmi
(1999).

FTP site Doe, J.: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999).
Accessed 12 Nov 1999. Accessed 25 Dec 1999.

Organization site ISSN International Centre: The ISSN register. http://www.issn.org
(2006). Accessed 20 Feb 2007.

For a full description of the Vancouver reference style, including numerous examples, please

access:

www.nlm.nih.gov/bsd/uniform_requirements.html

H.10 Tables

Tables must be created in Microsoft Word table format. Tables should be numbered (with
Roman numerals) and referred to by number in the text. Center the title above the table and
type explanatory footnotes (indicated by superscript lowercase letters) below the table. Data
must be placed in separate cells of the table to prevent text and numbers from shifting when
the table is converted for publication on the Internet. Empty cells may be inserted to create

spacing. Tables should not duplicate information provided in the text. Instead, tables should
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be used to provide additional information that illustrates or expands on a specific point the

author wishes to make. Each table should be self-explanatory.

H.11 Figures

AAPS PharmSciTech offers authors the use of color figures in online published manuscripts,
free of charge. Figures (as well as photographs, drawings, diagrams, and charts) are to be
numbered in sequential Arabic numerals. The description of each figure should be separated
from the manuscript body text and collated in a separate file called “Legend to Figures.” All
electronic artwork must be submitted online via our online peer review tracking system,
Editorial Manager. Figure files should be submitted in TIFF or EPS format (1200 dpi for line
drawings and 300 dpi for half-tones and gray-scale art); however, JPG, GIF, BMP, and PDF
files may also be submitted as long as the dpi specifications above are met. Use of a
professional graphics program such as Adobe Photoshop to edit and/or save photographs and
graphics is highly recommended. Because of quality issues, it is not recommended that
images be submitted in DOC, DOCX, PPT, or PPTX format.

Maximum combined count for tables and figures are as follows:

¢ Reviews, original research articles, meeting reports, and white papers: 10 (suggested)
o Mini-reviews: 6

o Brief technical notes and rapid communications: 6

H.12 Footnotes

Footnotes in the manuscript body should be avoided. When their use is absolutely necessary,
footnotes should be numbered consecutively using Arabic numerals and should be typed at
the bottom of the page to which they refer. Place a line above the footnote, so that it is set off

from the text. Use the appropriate superscript numeral for citation in the text.

H.13 Does Springer provide English language support?

For editors and reviewers to accurately assess the work presented in your manuscript you
need to ensure the English language is of sufficient quality to be understood. If you need help

with writing in English, you should consider:

e Asking a colleague who is a native English speaker to review your manuscript for
clarity.
e Visiting the English language tutorial which covers the common mistakes when writing

in English.
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Using a professional language editing service where editors will improve the English
to ensure that your meaning is clear and identify problems that require your review.
Two such services are provided by our affiliates Nature Research Editing Service and
American Journal Experts.

English language tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in

this journal and does not imply or guarantee that the article will be selected for peer review or

accepted. If your manuscript is accepted it will be checked by our copyeditors for spelling and

formal style before publication.
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Annexure |

Language editing certificate

G Smithies

Proofreading & Language Editing Services
59, Lewis Drive, Amanzimtoti, 4126, Kwazulu Natal

Cell: 071 352 5410 E-mail: moramist@vodamail.co.za

Work Certificate
To Ms D. van Staden
Address Centre of Excellence for Pharmaceutical Sciences, Faculty of Health

Sciences, North West University, Private Bag X6001, Potchefstroom.

Date 22/10/2019

Subject Development of a topical self-emulsifying drug development system
for optimised delivery

Ref GS/DvS/01

I, Gill Smithies, certify that | have proofed the following for language,
grammar and style:

Chapters 1 and 4: Development of a topical self-emulsifying drug
development system for optimised delivery,

to the standard as required by NWU, Potchefstroom Campus.

G Smithies
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Annexure ]

Ethics training proof of Attendance and Assessment

Private Bag X6001, Polchefstroom

® South Africa 2520
Tel: +2718 299-1111/2222
Web. http./Awww.nwu ac.za
Health Sclences Ethics Office for Research,
iR,

Tralning and Support
Tel: +2718 299 2089
Emall. minrie.greeff@nwu.ac.za

7 March 2018

Dear Ms Danielle Van Staden

PROOF OF ATTENDANCE AND ASSESSMENT

This letter certifies that you have attended the 2 day ethics training and successfully completed the associated
assessment.

The Basics of Health Research Ethics

(Accreditation number: PSB002/037/01/2018 from University of Free State CPD accreditation
department accredited by the HPCSA)

Presenter: Prof Minrie Greeff (Head of the Health Sciences Ethics Office for Research, Training and Support)
on 22 and 23 January 2018.

This letter of attendance, as proof of ethics training and assessment, is valid for 3 years and expires on 31
Janaury 2021 (Where applicable, Ethics CEUs awarded: 14 CEUs).

Yours sincerely,

T

oo o
Prof Awie Kotzé

Executive Dean: Faculty of Health
Sciences

Prof Minrie Greeff ﬂ
Head of Health Scienices Ethics Office
for Research, Training and Support

m;ﬂf: (10187308) C: \UsersWWUUSER\Google Drive\d. Research and Postgrad Education'o 1.5.7 Training\Templates\9.1.5.7.5_LOA_BOHRE_Jan20181 docm

Fiereferonce: 91575
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