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Abstract

Background/Introduction : Atopic dermatitis (AD) is one of the most prevalent diseases
worldwide. It is a rapidly growing field of study with several research avenuegtoreits
pathophysiology antb find innovative treatment and management regimens. Clinically, it is
classifed as a nowontagious, intensely pruritic, inflammatory, chronic skin disorder
mediated by abnormalities associated with atd@ymptoms include inflammation, redness,
pain and a negative i mpact on t he feralédadsent 0s
to the formation of lichenified skin, which may increase the thickness of the epidermis and
exacerbate the barrier function of the skin. AD is treated with topical corticosteroids which
help to decrease inflammation. However, lichification of skim may decrease the efficacy

of topical dosage forms. Nanomedicine is a rapidly developing field where advances have
been made using ethosomes for topical delivery. As such, corticosteroid loaded ethosomal
formulations containing hydrocortiosone acet@€A) and betamethasone valerate (BMV)

were developed and characterised to develop novel tools for topical drug delivery.

Aim: This study aimed adleveloping corticosteroid loaded ethosomes as -dopnaulation
component for inclusion in a topical dosafgem. To date, no ethosmal formulation with
HCA and BMV has been investigated for topical drug delivery.

Method: Ethosomes were synthesised using the hot method and the cold naethodified
version of a double emulsion (o/w/0), solvent evaporatiomiqak,as developed byouitou

et al, 2007 Ethosomesvere prepared using fixed concentrationgittier BMV or HCA (10
mg/ml), ethanol (30% v/v) and purified water (70% vandwere comminuted usingath
sonication omini-extrusion.Centrifugation and centrifugal drying were used to purify and
isolate the ethosomes for solid state characterisaktom.morphology was determined using
Scanning electron microscopy (SEMjthosomes were characterised using: dynamic light
scattering (DLS), Fourigiransform infrared spectroscopy (FTIR), hot stage microscopy
(HSM), differential scanning calorimetry (DS@hd thermogravimetric analysis (TGA). The
encapsulation efficiency (EE) and drug loading (DL) were determined using validated HPLC
methods. Finally, the drug release was determined using Franz diffusion cells and
mathematical models were fitted to thecdmulative release data to determine the release

kinetics.



Results Ethosomeswere assessed according to the following criteria for topical drug
delivery which were determined using dynamic light scattering (DLS): Hydrodynamic
diameter (HdD), ~ 200 nm, poligpersity index Pdl) < 0.5 and zeta potentiad (p£ 30 mV.

The optimum formulations containgghosphatidylcholine RC) 50 mg/ml Extrusion was
found to be the best method for particle reduchiased on the reproducibility of the results.
The HdD wasl1638+31.99and 147.#19.91for BMV loaded ethosomes and HCA loaded
ethosomes respectively and both formulations had an accejidbtd 0.049 and 0.111
respectively. SEM analyses indicated that the ethosomes had a spherical shape. Encapsulation
of the APIswas verified by the thermoanalyses and possible intermolecular interactions were
identified using FTIR. BMV loaded and HCA loaded ethosomes had a respectiverER7of

% and37.30 %, and a DL of 1481 % and 746 %, respectively. The release kinetics best fit
the Peppa$ahlin model indicative of an anomalous #eiokian diffusion coupled with

polymer relaxation and zero order release.

Conclusions BMV and HCA loaded ethosomes for topical drug delivery were sucdlgssfu
synthesised and characterised. These novel nanoparticles have provided an array of avenues

for further investigation and applicatiomthetopicaldelivery of corticosteroids.

Keywords: Hydrocortisone, betametbane, nanoparticles, topiadiug delivey
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Chapter 1: Introduction

1. Introduction

In this chapterwe introduce the thesis and provideasionale for thepreparation of

corticosteroid loaded ethosomks topical delivery
1.1.Overview

Atopic dermatitis (AD) is one of the most prevalent diseases worldwide. It is a rapidly
growing field of study with several research avenuesxygore its pathophysiology antb

find innovative treatment and management regimens. Clinically, it is classifiedhas a
contagious, intensely pruritic, inflammatory, chronic skin disorder mediated by abnormalities
associated with atogy Such abnormalities include abnormatlyfphocyte function
characterized by a predominance of T helper 1 (Thl) and T helper 2 (Th2) related
physiologicé responsed.This results in a cascading inflammatory reactiesulting in the
production of interleukins ananmunoglobulis which exacerbate the disedgesearch has
shown that there are significant links between AD, stress and autoimmune diseases, with a

most sgnificant heredity association between AD and asthma.

The presence of multiple confounding factors associated with AD have coeaisiderable
confusion about uniform criteria for the diagnosis andstlihave provideda need for
standardized guidelines on diagnosing and managing this corftiGienerally, in practice,

the measurement of disease severity and outcomd®iiis based on a series sifibjective
assessmestof symptomsThis is influenced by a thorogh patient history evaluation of
clinical manifestationdy a physician andhe impact on the a t i quality 6fdife.” These
clinical manifestations, often characterised by the severity of erythromateous skin, are
commonly present in the flexal areas of the skin, such as in the nape of the neck, elbow and
knee joints The result of the assessment determines the extent of thmastwherapeutic
interventions. To date, there is no absolute therapy for the treatment of AD, owing to a
compl ex pat hogeni c interplay bet ween t he
abnormalities and immune dysregulation. Nevertheless, various gt@ogical and non
pharmacological approaches have been expfor€dnventional treatment for patients
diagnosed with AD includes topical use of corticos@spemollients, bath oils, amdal antt

histamine$.

Since chronic skin diseases like AD involve lelegm glicocorticoid treatment, fear of

adverse effectsas a result of systemic releassgay lead to underutilization of drugs,

2
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especially in childrenlneffective therapy as a result of incorrectly prescribed topical dosage
forms also influences the willingness thfe patient to continue pharmacotherapgtient

adherence is, therefore, crucial for successful clinical outcéhmes.

Currently, corticosteroids are the most widely used class ofirdi@inmatory drugs. The
introduction of topical hydrocortisone in the early 1950s provided significant advantages over
previously avdable therapies and initiated a new era for dermatological therapy. Their
clinical effectiveness in the treatment of dermatological disorders is related to their
vasoconstrictive, anthflammatory, immunosuppressive and gmiliferative effects?
Fortunately, systemic side effects of tgdi corticosteroids (TC) are rare, but may occur in
infants and elderly patient5.Possible systemic side effects are related djreiot factors

such as: the application site, duration of application, potency, and occlusion of the
medication:* The application of higipotency corticosteroids should be limited, when
possible, to a twicer day basis for three to four weeksThe management of inflammatory
diseases with corticosteroidhould beailoredto the specific patiedts b e n etherapy i n TC
due tothe associated number of possible seftects that limit their use. Such sidfects
include osteoporosis, hyperglycaemia and atrdpttrophy, at a biological level, refers to a
decreasan dermal connective tissue and is characterized by the loss of elasticity and the
thinning of the dermi&? One of the founding factors for this adverse effect is noted by a
histological reduction in the siz# corneocytes in the epidermis resulting froighhdoses of

topically applied steroidal medicines.

Betamethasone valerate (BMV) and hydrocortisone acetate (HCA) are commonly used
glucocorticoids (GCsfor moderate to severe and mild to moderate inflammatory conditions
respectively. Their use is limdedueto an array of side effects which may occur as a result
of limited stratum corneum (SC) penetratioRegardless, thesactive pharmaceutical
ingredient APIs) are utilised in a variety of topical formulations such as ointments, creams,
gels and lotias. Although these formulations have their advantages when applied to the skin,
they are not gecific to AD. The lichenified property of AD results anthicker epidermal

layer, making transdermal permeation more chaliegg

Dermal drug delivery involvethe topical application oAPIs to the skin in the treatment of
skin diseases, wherein high concentration#\Bfs can be localised at the site of action.
Due to the large surface area of the skin utilised for transdermaldadiwgery, the skin

providesan alternaive desrable route of administratioaver the oral route. Thisoute of
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administration bypasses the liveand subsequently avoids th&sf pass metabolism
inactivation effect Avoiding first pass metabolism magiso significanty increasethe
bioavailability of the drugA controlled delivery of drugs through the skin can induce steady
state plasmarug concentrations and reduce the drug spike concentrations observed from

orally administered drugs.

One of the main functions of the skin is to protect the bods fextraneous factors as it,
essentially, keeps in what is required and keeps out what is not requmeddermal drug
delivery ischallengingoecause the skin, as a natural barmdripits the absorption of foreign
materials. i.e. materials not endomus to the human bod{/Although APIs are utilised for

their benefits, thébody may recognise them as foreign materials and inhibit transdermal
permeationFactors limiting the success of transdermal dosage forms may arise from adverse
reactions associated witbpecific APIsandor the excipients utilised within the topical
formulation e.g. cream, lotion, ointment, and gBtansdermal drug delive studies have
shown that the formulatiolmitations may include: a lag time associated with the delivery of
the drug acrosshe skinresulting in a delay in onset of action, variatiwinabsorption rate
based orthe site of application, skin disease (absorption may be delayed, especially in the
case of watesoluble compounds), and variation in adhesive effectiveness in different
individuals®® For this reason, APIs tend to hamevery low permeation rate.h€refore
several methodge.g. iontophoresisneedless jet injectors, sonophoresis, electroporation)
have been assessed improve topical drug delivery systertfs One approachunder

investigationis the use of nanoparticle formulatiofis.

The emergence of nanotechnology has allowedrian#ux in novel drug delivery systems
intended for pharmacotherapeutic application. This has broadened the manner in which
pharmaceutical dosage forms may be optimised to deiias to their intended systemic

sites of action in the human bod§ince the advent of nanotechnology, \ariety of
nanoparticles(particles sized -RO0 nm) such as nanremulsions, niosomes, liposomes,
dendrimers and ethosomieave been designed to overcome the specific obstaséeciated

with the deliveryof its respectiveAPIs'® These challenges may include complications
regarding palatability, poor dissolution rates, poor gastrointestinal t@ET) (drug
absorption, overcoming first pass metabolism, targeted cell delivery and transdermal

permeatiort®
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Liposomes, often used for dermatological application, are-semeal drug carriers developed
during preformulation for theoptimisation of transdermal drug delivéfAlthough they are
considered promising nan@scular systems, liposomes have limitations regarding vesicle
flexibility - an influential characteristic for transdermal permeation, and limited stabifty.

such, liposomes have been optimised by the addition of surfactants and other excipients to
increase their physical and chemical stability and resultant permeation characteristics.
Ethosomes, a slight modification on weltablished ibosomes, are novehanccarrier
systens used for the delivery oAPIs having low penetration through the skifhese nano
carriersare suited for the encapsulation of both hydrophilic and lipophilic ARlsse lipid
vesicles containing phospholipids, @tol (ethanol and isopropyl alcohoBnd watey
permeate through the skin layers more rapidly and possess significantly higher transdermal
flux in comparison to conventional liposonfésAdditionally, the incorporation of
biocompatible materials make these nanog delivery systems decrease the likelihood of
immune system rejection of the encapsulated API. Coupled witlenows other advantages,
ethosomes are potential API vectdos transdermal drug deliveij Therefore,ethosomes
encapsulated with eién BMV or HCA provided an avenue for research investigation to
overcome the challenges associated with topical drug delivery systesmd in the
management of AD.

1.2. Aims and objectives

A. To conducta literaturesearch regardinthe pathophysiology and treatment of atopic
dermatitisand the obstacles surrounding transdermal drug delivery

B. To reviewthe different types of nanoparticles and select the most appropriate for the
purpose of this study

C. To formulate the most appropriatenagarticle usindnot and coldnethods

D. To charactese the nanopartickeccording tdts physical and chemical stability

E. To compare the results of tHet and coldmethods based on the particle size,
polydispersity index, zetpotential, encapsulation effency and drudoading

F. To select the most appropriatermulation method and optimise the nanoparticle
formulation according to the same parameters.

G. To determine the drug release rate andclmanism of drug release from the

nanoparticlaising mathematicahodels.
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Chapter 2 Atopic dermatitis

2. Introduction

In this chapterbjective Awill be discussedvherethe skin diseaseatopic dermatitis, the
treatmentroute, transdermal permeatioand theobstaclessurrounding transdermal drug

deliveryare reviewed.
2.1.Skin

Covering a total surface area of approximately 128the skin is the largest human ordgan.

Apart from providing contact between the human body and thenekemvironment, the skin

has many physiological functions which help to regulate homeostasis within the human body.
These functions include: mechanical support, chemical barrier, radiation barrier,
osmoregulation and thermoregulatGrThe skin functions as a two way barrier. It controls

the loss of water, electrolytes and other body constituents, whildt@maausly preventing

entry of unwanted solutes from the environment. As a rate limiting step of transdermal flux, it
serves as a permeability barrier, however the large surface area and easy accessibility renders

it as an attractive route for drug deliyer
2.1.1. Histology

The human skin is composed of a series of layers: pigernis, dermis and hypodermis
(Figure 2.1.2:1). Each layer has a distinct composition and functitre respective function

of which is influenced by the composition of cells and tissue withifihié outermost layer,

the epidermis, is composed of keratinocytes With different stata:stratum basalestratum
spinosum, stratum granulosum, stratum lucidamad stratum corneum3C).** However, the
stratum lucidunmis only present inhe pams of the hands and the soles of the f8&. also
referred to as the horny layer, is the external barrier layer of the skin is located in the
outermost layer of the epiderntisThis layer of keratinocytes is in contact with the external
environment.

The stratum corneum (outer most layertltd epidermis) consists of corneocytes and is the
rate limiting barrier for anything entering or exiting the human bdde dermis is the

Aimi ddl e | ayero which is predominantly innov
Subcutaneous tissue (hypoas) is comprised of adipocytes which provide insulation and
influence thermoregulation. The skin appendages consist of eccrine (sweat) glands, hair

follicles and sebaceous glands which influence homeostasis.
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Adapted from'’
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Figure 2.1.1:1: A diagrammatical representation of a crosssection of human skil

showing the different cell layers and appendages.

The major fractions of healthy SC are neutral lipids (78%) and sphingolipids (18%) together
with a small amount of polar lipid$.Both saturated and unsaturated fattgink exist in all
neutral lipid species, with unsaturated chains predominating except for the free fatty acids
fraction!” The ceramide (sphingolipid) fraction primarigonsists ofsaturated fatty acid
chains. Thusmany lipid species exist in the horny laydiffering both in type and chain
length forming a bilayerstructure wih a complex lipid mixture. The cells found in the SC
are called corneocytes. These cells are dead @edlsthe cell nucleusis absent) The
epidermis without the SC is udlyatermed the viable epidermis and is usually the API target
for pharmacotherapgic activity. As mostAPIs applied onto the skin permeate along the
lipid domains, the organization and composition of the lipid component is considered to be
very important for the skin barrier functiéh.

2.1.2. Physiology

Primarily serving as a barrier between the external environment and the complex internal
anatomy of the human body, the skin has a variety of functions. These functions, mediated by
its different layers, may be classified into 2 main groups: protective and med¢hanica
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Protective properties

The main function of the skin is to serve a protective purpose. Located at the frontier of the
bodydés peri meter defence system, t he skin
endogenous and exogenous material in the humoaly. Although the SC constitutes only

10% of the entire skin, it contributes to over 80% of the cutaneous barrier fufiction.

The skin, also acts as a chemical barrier. This function regulates the movement of molecules
or compounds across the skin. Packed with corneocytes, this&@ittsasa microbiologcal

barrier. These dead skin cells are shed daily and are constantly replaced. The arrangement of
these cells serves as a barrier that protects against foreign organisms attempting to penetrate
the epidermal layer of the skin to access the vidblenal tssue.On its surface, the skin is

also covered with microorganisms which, similar to gut flora, have a symbiotic relationship
with the host. In this instance, the microorganisms asighe natural defence system of the

skin. If the epidermal layer of corneocytes is compromised, microorganisms may enter the
skin through the superficial cracks, replicate and cause infection in the dermis. These cracks
may be the consequence of prusitinflammation, key enzymatic reactions, bacterial flora,
immune signalling compounds or a failure to preserve the guitifé Furthermore, the SC is

a biosensor that regulates the response of the epidermis by sensing the level of cytokines and
growth factors which bind to cellular receptors to stimufatdiferation and differentiation

of cells. Thispromotes strong healthy skin anstimulates collagen and elastimat are key

inflammatory reaction indicators.

The skin also acts as a radiation barrier by minimizing the effects of ultraviolet (UV) and

infrared (IR) radiatiorf® These potentially harmful rays are absorbed and the associated heat
is dissipated through the regulation of blood flux and/or perspiration. This is achieved due to
the anatomy of the dermis which has adequate supply of vasculaturefdoilitate these

processes.

As a heat barrier, the skin is influentialtirermoregulation. Due to varying thicknesses in the
SC across the body, it does not effectively protect the undgrlixing tissues from extreme
temperaturesHowever, asisted by adipose tissue, it is the primary organ responsible for
preserving the cerbody temperature at 37 °C. To conserve heat, the peripheral circulation

shuts down to minimize surface heat loss; shivering generates energy when chilling is severe.
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To lose heat, blood vessels dilate, eccrine sweat glands pour out their dilute saéherse
water evaporates, and removal of the heat of vaporization cools thé°bodly.

The SC is a highly lipophilic layer whicis almost impermeable to water and stsucture
contributes to osmoregulation which prevents the lossabér from the epidermfS.As the
main function of the sk is to protect theunderlying tissues and orgarskin hydration
protectshumansagainst the dry environmenthe SC maintenance of the bodykydrationis
critical in aiding skin flexibility. *° Considering the large volume of water within the body, the
skin plays an influential role in osmoregulation in order to facilitate the movement of wate

out of the body via ecme glands.

When the skin undergoes trauma, it may bruise, blister or rupture. During the healing process,
facilitated by the capillary anastomoses in the dermis, the skin will repair. Overcompensation
may result inlichenification (a thickening of the @dermis,sometimes producing callouses

and corns}**! This adaptation may also serae a protective function to maintairetbarrier
function of the skin.

Mechanical properties

Relative to the epidermis, the dermis provides a supportive mechanical property to the skin.
The elasticity of the skin is a mechanical function maintained by the dermis. With age, the
skin wrinkles and becomes more rigid. The thin horny layer is quagtind is dependent

on its pliability by the correct balance of lipids, wasetuble hygroscopic substances i.e. the
natural moisturising factor and wat&esearch has shown that skin account8for % t ot a |
body water and is ¥Thetssue reqites Mo offntoiSturédo acta t e r .
as a plasticizer and to maintain its supplen€hs. skin, therefore, plays an important part in
regulating protective functions against externachanical, chemicainicrobial and physical

influences.
2.2. Atopic diseases

Atopy (Greek:atopia out of place) denotes an inherited, genetic predisposition or familial
response resulting in the elevated expression of immunoglobulin E (IgE) antibodies

response to an allergéhThis type | hypersensitivity reaction is the result of an immune
response triggered by a relatively minute amount of common enwraaimproteins such as

pollen, house dust mieand food allergen¥.
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Atopic diseases, particularly in childhood, are detrimetat@ublic health. According to the
WHO, every third person in the world suffers fratleast one atopic diseased most cases
manifest in childhood® The incidence of atopic diseases such as atopic dermatitis (AD),
allergic rhinitis and asthma has increased in both children and &tflildowever, there is a
marked worldwide variation in the prevalence of both symptoms andalag among
children, ranging from 1.6% to 36.7% for asthma symptoms, 1.4% to 39.8% for rhino

conjunctivitis symptoms, and 0.3% to 20.5 % for atopic eczema symptoms.

Although atopic diseases are usually charas#erby their associated clinical manifestations,

it can be present in the form of asymptomatic sensitization where an individual, with
confirmed allergic sensitization to one or more allergens, does not exhibit clinical allergy.
However, although there is an overwhelmengount of evidence to support the claim that
atopic diseases stem from atopy, an atopic disease can be present irsengitired
individual (e.g. in noratopic asthmaj**® Supported by the advent of tif&opic March
research has been directed at better understanding the aetiology and pathophysiology

assocated with branches of disease stemming from atopy.
2.3. Atopic dermatitis

Atopic dermatitis (AD)s the most common skin allergic disease, affecting 1% to 2a#eof
population and has an onset in 80% of cases in children younger than 2 years of age.
Although therds no significant differencdéoetween genders in thiest years of life, it is more
frequent in women (60%) than in men (40%) after 6 years. AD usually reverts to remission

symptoms before 5 years in 40% to 80% of patients and in 60% to 90% at 15 years of age.

ADiANor mal o AD-Li cheni fi e

Figure 2.3-1: Normal skin and lichenified skin resulting from chronic scratching.
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During this remission period, the symptoms of AD are less severe or &Dsent.

The history of AD has been complicated by the lack of recognition of the full clinical and
pathogenic spectrum of this disease. A review of the many names given to this disease
revals the intent of the early physicians to characterise this disease by implicating one of the
many features (e.g., infantile eczema, "allergic" eczema, eczema flexorum,
"neurodermatitis”f* It was not until 1933 that Dr Wise and Dr Sulzberger coined the phrase
atopic eczema when they noted the high incidence of "afdgy0r this reason, AD and
eczema are often used synonymously as they both refer to a chronic skin disease with origins
of atopy. The acute phase of AD, as seen in infantile form, shows features of acute or
subacute eczema with spongiosis, acanthosis, oedechanfiltration of the dermis with
lymphocytes, histocytes, plasma cells and eosinoffifavhen lichenification(Figure 2.3-

1) occurs in older age groups, the picture resembles that of chroreena&cavith an
increasing number of Langerhans céf§ These dendritic cells are antigepresenting
immune cells which are prominent in all layers of the epidermis and are most prominent in

thestratum spinosum
2.3.1. Pathophysiology

AD is a compéx and multifactorial disease.i$t strongly linked to genetic pi@ispositioning
factors, and usually results in skin barrier dysfunction, which then establishes the basis for
inflammatory responses, leading to dermatfti®esearch has shown that AD occurs as a
result of both genomic and ngenomic responsdfigure 2.3.1-1).*" It is currently known

that the pathopJsiology of AD is mediated, in part, by abnormalymphocyte function.

This dysregulation of -Eell function is characterized by a predominance of T helper 2{Th2)
related cytokine production over T helper 1 (Thl) respohses.

The main cytokines involved in the pathogenesis are the Th2 immune mediat®@ndl -
1348 These cytokines have demonstrated genetic mutations resulting in polymarphism
linking AD to a familial predisposition. Multiple genes and associated genetic mutations may
be involved in the pathology of AD. Studies have shown that tlecreases expression of
multiple genes in the epidermal differentiation complex that regulgieerenal barrier
function® Keratinocytes diffeentiated in the presence of - and 1L-13 exhibited
significantly reduced filaggrin (FLG) gene expression, even in patients without FLG
mutations, contributing to a defective skin barrier in patients with*AThis imbalance in

10
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immunologic cells favours an autoimmune diagnosis and shifts the focus pathogenesis from

environmental factors to a genetic predisposition. These celisnatred in IgEmediated

Adapted fromf40 42174175
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Figure 2.3.1:1: A simplified diagrammatical representation of the pathophysiolog
of AD, showing an inflammatory cascade that occurs on the onset of an aller¢

invading the body, triggering genomic and norgenomic responses.

hypersensitivity as well as an autoimmune response. The filaggrin gene, which codes for a
protein (profillargin) and is responsible for epidermal structure is another role player in the
pathogenesis of AD. Studies have shown padtents suffering from AD have a significant
reduction (up to 50 %) in profillargin conferring risk when compared to healthy pattents.
Other genes from the immune systemwdilved include: STAT6, RANTES andrGFbeta)*

The skin is innervated by immune cells which defend the body adaregjn materials such
as viruses, allergens and bacteria. Once foreign matartals tle skin via a lesion, the
innate immunity activates immune cells to supries§&ranulated cells, such as mast cells,

detect the antigen of the foreign body and are triggered to release histamine. The release of

11
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histamine resultg vasodilation and an irdinmatory cascade which results in the migration

of immune cells in the plasma (monocytes) to infiltrate the infected tissue (macrophages).
Leukocytes, such as neutrophils (first responders), infiltrate the tissue via diapedesis and
engulf the pathogen. Oadhe pathogen is engulfed via phagocytosis, it is destroyed and its
remnants (amino acid chains) ar e presente
histocompatibility type (MHC-I) receptor. The expression of the antigen on the membrane
bound proteinMHC-I results in the release of interleukins and other cytokines to induce
leucocytosis and the release of complement proteins to be secreted by the liver. Complement
proteins assist in the detection of the invading organism and destroy it via opsonisation,
aggldination and lysis. This increases the ability of the immune system to detect the foreign
body. Antigen presenting cellsuch as the Lamghans cellengulf the pathogen and present

it on the cell surface on a major histocompatibility type 1l (MH)eceptor. The expression

of the antigen on the MHQ@ receptor results in the activation of the adaptive immune system
where T cells and B cells are then activated. The activation of T cells and B cells results in
their maturation, proliferation and differgation in the lymph nodes resulting in the
expression ofimmunoglobulirs such as immunoglobulin E (IgE). In the ngenomic
pathway, the MHA expression on infected viable epidermal cells results in apoptosis by the
natural killer cells (NKSs).

The structural integrity of the epidermal cells becomes compromised resulting in the
phospholipid bilayerés breakdown and the me
mediators such as arachidonic acid (AA), leukotrienes and prostaglandins. In thacgenom

pat hway, the antigen triggers nuclear facto
migrates from the cell nucleus to the ribosomessiltingin the synthesis of prmflammatory

cytokines.
2.3.2. Symptoms

AD may be characterised by tltassicalsymptomsassociated with inflammation. These
symptoms include rednessipor), pain @olor), heat ¢alor) and swelling {fumor). Other less
clinical symptoms may include interrupted sleep, low-esteem, anxiety and hyper self
awarenesruritus, the most commaesultantsymptom may bedescribed as an unpleasant

sensation in the skin, provoking a motor response to scratch.

12



Chapter 2 Atopic dermatitis

Immunologic factors and the central nervous system are integral components in
understanding the pathophysiology of an itch. This mechaisigoorly understood but has
been linked to increased histamine 1)(Kvels in the bloodstreafi.Unfortunately, in an
attempt to alleviate the symptorby scratching further irritation of the skin often occurs
resulting in subsagent exacerbation where the reflesponse is to scratch agafD is a
typical example of a pruritic associated disea#gere chronic skin lesions result from the

Adapted fron?
ATOPIC DERMATITIS TREATMENT
STEP 1 — STEP 2 ,-A’ STEP 3
| | , |

IF NO RESPONSE WITHIN
SEVEN DAYS OR MORE SEVEN DAYS OR MORE
SEVERE ECZEMA _ SEVERE ECZEMA

[ | I
{~ Corticosteroid, potent, topical, e.g.
Betamethasone 0.1% ointment

. . Ni N TTHIN
Avoid soap, use soap substitutes IF NO RESPONSE WIT

such as aqueous cream (UEA)

Rub on skin, before rinsing off Hydrocortisone 1% cream, applied

completely twice daily for 7 days. Apply applied once daily for 7 days
l sparingly to the face. (Doctor initiated).
DO NOT apply around the eyes. DO NOT apply to face, neck and

AQUEOUS CREAM SHOULD

\_ flexures _J
NOT BE USED AS AN | 1

EMOLLIENT. IF THERE IS A RESPONSE IF THERE IS A RESPONSE ]

Emollient, e.g.
Emulsifying ointment (UE)

FORITCHING

Taper hydrocortisone 1% cream
ointment dose and REVERT TO
STEP 1

Chlorpheniramine, oral, 4 mg, at
night fora maximum of 2 weeks.
Chlorpheniramine is sedating

Taper Betamethasone 0.1 %
ointment dose and REVERT TO
STEP 1

IF ITCH NOT CONTROLLED
OR MORE SEVERE DAYTIME
ITCH, switch to Cetirizine, oral, 10

mg once daily.

Figure 2.3.31: A summary of the standard treatment of atopic dermatitis
patients intensive scratching or rubbing of the itchy aféas.

2.3.3. Treatment

AD is usually a chronic condition and requires long term care. Sufferers of AD are
particularly susceptible to opportunistic -itdections which are managed accordingly.
Symptoms are usually characterised according to the severity of the inflammation and clinical
manifestations of the skirAD hasno known cureand thesymptoms are managed with

pharmacological andonpharmacological measures.
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In general, nospharmacological measures may be implemented to reduce the exacerbation of
the disease. These measures include: patients being aware of any material (e.g. apparel,
bedding) which makes direct contact with the skin and causes skin irritdiganmaking a
conscious effort to avoid such itenmtemming finger nailsto a short length to reduce the

effect on the skin when scratching, inevitable scratching should be avoided or managed to
avoid causing harm and triggering inflammatory mediatgo®d personal hygiene with
regular washing to remove crusts and accreffbiatients should be encouraged to reduce

the frequency of sweating and to keep cool. Implementing these measures reduces the risk of
secondary infection. Although patient drete may have no role in AD treatment, it is still
beneficial to monitor the effect of any consumed itethamay be of significance that
histidine is an essential amino acid which is converted into histamare inflammatory
mediator associated with prws. Linoleic acid (omeg#®) andapha linolenic acidomega

3)are essenti al fatty acids obt aiatidsthayhct o m a
as a substrate for inflammatoby-productssuch as arachadonic adi an AD sensitised

patient

Due to exacerbation of the inflammation witagrancedsoas, patients are encouraged to
wash using aqueous cream (UEA). UEA should be applied to the skin before it is rinsed off
completely and the skin should be-dited. However, UEA contains sodiutauryl sulphate

(SLS) i a surfactant with a variety of pharmaceutical applicatioituding penetration
enhancer, solubilising agent and emulsifying agdiie epidermal water barrier can be
disrupted by SLS which mdgacilitate the permeation of foreignaterials through skimAn
investigationhasshownthat concomitantopical applicationof aeroallergens and irritants on

the skin of sensitized atopic subjelgtads to more sere barrier disruptiar® Therefore, it is
advised thatJEA should not be used as a moisturising ageéharmacological interventions
(Figure 2.3.31) are usually implemented if there is no Ramarmacological response within

sevendays; or in instances where the AD is severe.

In even more severe cases, a more potent topical corticosteroid (e.g. clobetasol propionate
0.05 % ointment) is applied.Antihistamines (e.gcetirizine, oral, 10 mg, once daily) may
supplement this treatment to manage associated pruritus which, when resolved by scratching,
may aggravate the already present inflammatory symptdmkerapedtally, the most
consistent antipruritic agents remain the systemic andcaiopmmunomodulators i.e.

corticosteroid$?
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2.4.Topical Dosage forms

Since corticosteroids are associated with an array of adverse effects, it is necessary to limit
systemic circulation and promote a localised pharmacological action. To facilitate this
rationale, topical drug delivery is the most suitable drug delivery system for the symptomatic
management of AB>?**These preparations allow localized administration of the drug via a
surface membrane through ophthalmic, vaginal, dermal and rectal tdTesical dosage
forms include a variety of formulations intended for cosmetic or dermatological application
to healthy as well as diseased sKithese formulations, varying in physichemical nature

and rheological properties may have phase variations which range from solid tihoough
semisolid to liquid. For medicinal purposég?Is are rarely administered alone, but rather as
part of a formulation, in combination with one or moreipients that increase stability of the
formulation and shelfife, increase solubility and subsequent bioavailability, and ultimately

optimise drug delivery?
2.5. Transdermal drug delivery

Dermal drug delivery is he topical aplication of drugs to the skinwherein high
concentrations of drugs can be localised at the site of action, thereby reducing the systemic
drug levels and side effects.Among the different noinvasive routes available to the
patient, the transdermal roudtas become increasingly popular and accounts for about 12% of
the global drug delivery markelt providesa viable administration route rfgotent, low
molecular weight APlsvhich cannot withstand the hostile environment of @@ and
bypassesfirst pas metabolism by the liverDue to ease ofdministration of topical
medicines andther advantages over corresponding oiajectable and inhaler systems,

transdermal drug delivery systems arperiencing a high growth rat¢

Despite the many advantages of the skin as a site of drug delivery, only dawgs are
currently o the markeastransdermal delivery systesft The primary reason for this is the

low permeablity of drugs through the SGwvhich, as the primary interface of the epidermal
barrier, acts as theate limiting step of transdermal permeattéf® Various strategies to
overcome these barrier propertae constantly being exploreblany techniques have been
aimed to disrupt and weaken the highly organized intercellular lipids in an attempt to enhance
drug transport across the intact skinto increase the driving force for permeation of drugs

across this skin barriéf:°®? |deally, these investigations should employ human skin.
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However, samples of human skin of sufficient size and qualitpéomeationexperiments
are not readily accessible to most investigators and are only available in limited amounts.
Thus manybiological (e.g porcine skin, rat skignd synthetianodels(e.g. nitrocellulose,
cellophanehavebeen explored to replace human s¥iff: Transdermal drug deliverig an
effecive administration route for the management of a variety of skin disé&s8sSince
AD presents as an abnormal clinical manifestation of the skin most commonly associated
with varying degrees of inflammation, topical pharmacotherapeutic fatirons are mds

commonly usedh its management.
2.5.1. Factors affecting permeation

The factors that affect theermeationof topically applied agentdrough the SGire: size,
shape, superficial charges, lipophilicity, presence of penetration enhancers, type of
formulation molecular weight, aqueous solubilityand physical state of the stratum
corneur’® These precipitating factors are mediated by a series of defensive homeostatic
processesuch asthe low pH 6.5-6.5), of the skin, theoresence of metabolic enzymes in the
skin, and the transcutaneous concdittnagradient that regulate the movement of substances

into and out of the epidermt&>*°°
2.5.2. Routes of permeation

The SC is considered as the rate limiting barrier in transdermal permeation of most
molecules-’ For many molecules applied to the skin, two main routes of skimeation

have been definethe transepidermal and trarappendageal pathways.

The skin has many interfacial boundaries which influence transdermal permiatjore
2.5.21). These interfacial boundariesclude the skin surface, the stratum corneum, the
appendages (eccrine glands and fdiicle), the viable epidermis (nucleated skin cells), the
dermis, and blood vessels. Diffion is the common mechanismwlzich APIs move through

the interfacial boundaries.

Transdermal permeation of molecules/compounds via the-éqaidermal pathway involves

the transport of compounds across the intactT®is pathway can be further subdivided into
two micro pathways i.ehe intecellular route and tn transcellular routeThe intecellular

route is the primary route of permeation which is a continuous caedopathway through
adjacentintercellular lipid spaces. The transcellular route is the secondary route of
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7,25,29
Adapted from'
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Figure 2.5.21: A diagrammatical representation of a cross section of the sk

showing the pathways associatewith transdermal drug delivery.

permeation where molecules transverse the external membfakeratinocytes at the
epidermis and then across the intercellular lipldgost drug absorption is transcellular and

it is unlikely that noticeable absorption occurs between cells. It is a passive diffusion process,
wherethe magnitude opermeatiorwill not only depend on the integrity and efficacy of the

epidermal barrier, butvhich will be influenced by the drug itself as well as its carfier.

Although most permeation transpires transcellujatyg sweat glands and hair follicles with

their associated sebaceous glands also provide an avenue for transdermal permeation. These
transappendageal routes, also referred to as the shunt routes, are less common due to the
relative skin surface occupied Bkin appendag€e$.Eventhough less significant in terms of

a target for drug delivery (hair follicles occupy approximatello®.of the surface area of

human skin), follicular number, opening diameter and follicular volume are important

considerations in drug delivery through these appendages.
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Regardless of the route, there are junctions composed of both lipophilic and hydrophilic
regions which affect the rate of permeation. Research has shown tlgst it low
molecular weight (below 800 Daltons) and highly hydrophilic and highly lipid soluble show
the greatest penetratidh.The formulation vehicle that contains the applied drug and the
degree of hydration of the skin are ionfant factors which influence drug flux. Occluding

the epidermis increases its water content, enhancing drug absorption.

It is also important to note that the dermis has a rich supply of blood and macrophages, lymph
vessels, dendritic cells, and nerve iegd. Immunological components influence the
transdermal route because therapeutic agents have to bypass these endogenous defence
systems. Potential recognition of such agents can result in degradation and aeqibsequ

decreased bioavailability.
2.6. Steroids

Steroids are a group of cholesterol derived lipophilic, -loelecular weight compounds
which, apart from being chemically synthesised, are obtained from a variety of different
marine, terrestrial, and synthetic sourCHse geroid family includes the stdsy a number of
hormones (both gonadal and adrenal cortex hormones) and some hydro&agtensid
hormones are the chemical messengers responsible for specific biological functions.
Depending upon the function performed and the site of actionstdreid hormones are
categorized as: sex steroids, corticosteroids, anabolic steroids and vitdiin Topical
corticosteroids represent a significant estbne in dermatologic therapy. ofical
hydrocortisone washe first corticosteroid to bsuccessfully employed in the treatment of

selected drmatoseé.
2.7.Chemical Structure of corticosteroids

All steroids are derived from cholestefdlThis forms the steroidal nucleus which is
numbered and, therefore, different classes of steroids resembly slose all of them have
the same basic perhydig2-cyclopentenophenanthrene skele(dn B, C, D rings inFigure

2.7-1). A slight variation in this skeleton or the introduction of functional groups esisult

various classes of steroiffs.
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HO

Figure 2.7-1: The chemical structure of theperhydro-1,2-cyclopentenophenanthren

skeletonfor corticosteroids with carbon numbering and rings.

Steroids are involved in in a wide rangé physiologic systems such:astress response,
immune response, regulation of inflammation, carbohydratéaboksm and protein
catabolism Electrolyte balance in the blood stream and subsequent effects on osmotic
pressure are a result of the promotidnsodium retention in the kidney5.Examples of
endogenous corticosteroids include cortisol (a glucocorticoid) and aldosterone (a
mineralocorticoid) Aldosterae is structurally very similar to cortisol, except that it lacks the

1 7-hydroxyl group, and has an aldehyde at themighyl. The 18aldehyde is critical for
mineralocorticoid activity; thesole difference between cadl and aldosterone is the -18
aldehyde, but aldosterone has 200 times higher mineralocorticoid activity than

corticosteroné’ 8
2.8.Glucocorticoids

Glucocorticoids(GC9, such as cortisol, are steroid hormotiest affect energy metabolism
(among a large variety of other actions). Hydrocortisone is the most potent glucocorticoid
secreted by the adrenal gland. Naturally occur@@@sand related semisynthetic analogues

can be evaluated in terms of their ability to sustain life, to stimulate an increase in blood
glucose concentrations and a deposition of liver glycogen, to decrease circulating eosinophils,
to affect immune system funiehs, inflammatory responses, and cell grof¥thhese steroids

are available as medicines in a variety of dosage forms in varying concentrations depending
on the GC potencgTable 2.8-1).
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Table 2.8-1: Topical preparations contaning glucorticoids

CLASSIFICATION  GLUCOCORTICOID CONC. (% wiw) TOPICAL
DOSAGE
FORM
Dexamethasone 0.001 Cream
Weak )
Methylprednisolone 0.01 Cream
Alclometasone ,
_ . ) 0.05 Ointment, cream
Weak-mild dipropionate
Prednicarbate 0.1 Cream
Hydrocortisonevalerate 0.1 Cream
Mild Triamcinolone .
. 0.1 Lotion
acetonide
. Fluocinolone acetonide 0.1 Cream
Mild - moderate _
Betamethasone valera 0.01 Lotion
Amcinonide 0.1 Lotion
Moderate .
Betamethasone valera 0.01 Ointment
Ointment, cream
Fluocinonide 0.05
Potent gel
Mometasone furoate 0.1 Ointment
. Ointment, cream
Clobetasol propionate 0.05
Very potent foam, spray, gel
Halobetasol propionatse 0.05 Ointment, cream

The major pharmacotherapeutic uses@C€s include the treatment of rheumatoid diseases,
symptomatic relief from asthmaallergic conditions, topical application fovarious
dermatologic disordemnd cancer theragy.”*

GCs are generallylassified according to their activity profil€his classification is only of
limited value, because activity is not only determined by intrinsic characteristics of the
various steroids, but also by the level of penetration upon application. Penetnation i
depends on many factors such as the formulation and the skin coAtli®aslusion has
shown to have positive imphtions on corticosteroid activifjknowledge of the numerous
steroid products, structuactivity relationships, and available dosage forms will result in
significant benefits for patients with minimal troublesome toxicigesl more effective

treatmenbptions
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Hydrocortisone and Betamethasone are corticosteroids with predominant glucocorticoid and

to a lesser extent mineralocorticoid activities.

mineralocorticoid activities than hydradisone.

However, betamethasone exerts less

Table 2.9-1: Physicochemical properties of hydrocortisone acetate and betamethaso

valerate”™"
COMPOUND BETAMETHASONE HYDROCORTISONE
VALERATE ACETATE
Molecular
structure
Chemical
formula GO, CrafezOs
Molecular
_ 476.585g/mol 404.497g/mol
weight
0.0067mg/mL (theoretical) 0.0582 mg/mL (theoretical)
Solubility Very slightly soluble in water Practically insoluble in water
(1 000- 10 000 ml/g) and soluble in (>10 000 ml/g) and sparingly
alcohol (10- 30 ml/g) soluble in alcohol (30 100ml/g).
Melting Point ~196°C ~224°C
oKa Strongest Acidic (13.4) Strongest Acidic (12.61)
Strongest Basic-8.3) Strongest Basic2.8)
LogP 3.76 1.72
Symptomatic relief of mild to Symptomatic relief of moderate to
Uses moderaténflammatory diseases.  severe inflammatory diseases.
Half-Life 5.6 hours 6-8 hours
Adverse The longterm use of glucocorticoids is associated with severe adver
effects effects including osteoporosis, hyperglycaemascle wasting,

hypertension, and impaired wound healing.
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Although these compounds are from the same drug class, their physicochemical
characteristics, pharmacokinetic and pharmacodynamics propertigd ahty 2.91).

2.10. Mechanism of action

GCs exhibit their powerful antinflammatory effects via 2 distinct mechanisms: tkeamic

and norgenomic pathwaygFigure2.10-1).’

Adapted fronf'’70:787:25.29
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Figure 2.101: A diagrammatical representation of the genomic and noigenomic
responses associated with the mechanism of action of glucocorticoids acting or

stratum basale

GCs bind to a glucocortad receptori a membrane bound protein expressed on the surface
of all nucleated cells. The binding of the glucocorticoid to the receptor rasulise
formation of a glucocorticoideceptor complex which translocates the cell cytoplasm.
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Once GCsenterthe cell, they bind to the cytosolic receptor, which is expressed on all
nucleated cells, to form a GCS receptor compliter bindingto the receptor the newly
formed glucocorticoid recepterligand complex translocates into the cell nucleus, where it
binds to many glucocorticoid response elements (GRE) in the promoter region of the target
genes. The DNA bound receptor then interacts with basic transcription factors, causing the
increase in expression of specific target genes. The-indlainmatory actns of
corticosteroids are thought to involve lipocortins, phospholipase A2 inhibitory proteins
which, through inhibition arachidonic acid, control the biosynthesis of prostaglandins and
leukotrienes. Specifically glucocorticoids induce lipoceftifannein-1) synthesis, which

then binds to cell membranes preventing the phospholipase A2 from coming into contact with
its substrate arachidonic acid. This leads to diminished eicosanoid production. The
cyclooxygenase (both COX and COX2) expression is alsouppressed, potentiating the
effect. Glucocorticoids also stimulate the lipocoitirescaping to the extracellular space,
where it binds to the leukocyte membrane receptors and inhibits various inflammatory events:
epithelial adhesion, emigration, chemosyphagocytosis, respiratory burst and the release of
various inflammatory mediators (lysosomal enzymes, cytokines, tissue plasminogen
activator, chemokines etc.) from neutrophils, macrophages and mast cells. Addititreally
immune system is suppressey ¢orticosteroids due to a decrease in the function of the

lymphatic system, a reduction in immunoglobulin and complement protein concentfations.

Corticosteroids are useful pharmacotherapeutic agents but their use is limited by adverse
effects arising from nofocalised drugdelivery. Therefore, intense research dedicated to the
optimisation oftransdermal drug delivergystems will potentially provide safer and more
effective medicines fortopical administration. This is very significant considering the
abundanceof chronic skin diseasessuch as ADmanaged with longerm corticosteroid

therapy’’
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Chapter 3 nanotechnology and ethosomes

3. Introduction

In this chapter, we review nanoparticletheir synthesis and their applications in medicine
We specifically review ethosomes, the function of the ethosomal exci@aedtsthér
pharmaceuticablpplicationsas novel tools for topical drug delivery.

3.1.Nanotechnology

Hair Tennis
strand Ball

v i Yo B Lo g

1! 1 10 102 10 104 10° 109 107 108

A Nanometres

[ Carbon nanotubes 1
Dendrimer
Ethosomes
Liposomes

Polymeric Nanoparticles
Solid Lipid Nanoparticles
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Water Glucose Antibody Virus Bacteria

[
L J

Figure 3-1. A perspective of the nanosca

~

The term finanotechnol ogy ohandswhidhemmeans eéwdrf, dnd om t F
from the Greekword tekhnologiawhi ch refer s t o “dNanomdhmlogyt i ¢t
is the sciene of manipulating matteio create, characterise, analyse, utilise and optimise
materials within the nanmnge (1 - 999 nm)® To help conceptualise the size of the
aforementioned materials, a perspective of the nanossafgovided inFigure 3.1-1.
Pharmaceutical nanotechnology is divided in two basic types of nano toolsdewnes and
nanematerials. These materials can be -slassified into nanaerystalline and nano

structured materials. Nargiructures consists ofnanoparticles such as: soligid
nanoparticles (SLNs), polymeric nanoparticles (PNPs), dendrimer-caaners (DNCSs),

silica nanoparticles (SNPs), carbon nanoparticles (CNPs), magnetic nanoparticles.{MNPs)
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The extent of the diversity of these tools has allowed for its application to a variety of
research fields such as chemistry, biology, physics, materials science, and emgineer
Research has shown that the integration of nanotechnology within the medical sector has
conferred health benefits, which has led to advances inmadéicine®® Subsequently, it has

been applied in the context of medicine and pharmaceutical sciencesgprostic purposes,
treatment and prevention ofxdde rangeof disease$’

Nanostructures, such as polymeric nanopatrticles, have prosideaenue for treatments
tailored br specific interactions with the skiffhe incorporation of nanoparticlesgithin
transdermal drug deliverysystems has facilitated movement of APIs through the
epidermist’"®’" The utilisation of nanostructuredlows for severalavenues to mitigate the

effect of inflammatioron cutaneous physiology, barrier function and aesth@tics.

Nanoparticles exist in a variety of forms and their subsequent application serves a variety of
functions in the development of innovative pharmaceutical dosage forms. Utilised in-the pre
formulation of pharmacotherapeutic agents, nanoparticlesnapéoyed as: nancapsules for

drug delivery, cell surface receptors enabling targeted drug delivery and pathogen detection,
nanoparticle tubes enabling targeted drug
cancer ther &piceso radimgdsanobésatharhg synthests.

One of the main advantages of nanoparticles is directigcated with the particle siz&.
smaller particle sizenpartsnumerous desirable properties when usedpical applications

asit allows for penetration through most physiological barriérghis is critical considering

the protective physiological function of the éprmis.The small size of nanoparticles also
allows for a higher surface area to volume ratio, allowing for greater exposure of active
molecules per dose administered. This may influence the efficiertopichl dosage forms,

resuling in a greater predmsition for a localised pharmacotherageactivity.

Nancencapsulation provides a new method for sustained release and for delivering unstable
or insoluble compounds. This pfermulation component of dosage formulation
development is able to be optimdto suit the physicochemical properties of A used

as well as the dosage formulation for which it is intended. The susceptibility to modification
allows for a variety oftopical parameters, u,&h as particle sizestability, API associated
adverse effects and solubilityp be tailored for distinct us&$.Nanoparticles may ba

solution to overcominghanyassociategarameters’
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3.2.Lipid based systems

When considering the pfiermulation of nanoparticles for enhancdcug delivery, lipid

based system@ BS) are popular amongst researchers. These systems have the paiential t

influence the pharmacokinet@nd phygochemical properties of drugs. Each system consists

of aunique mechanisraf drug delivery which isnfluenced by the type of lipid and the way

in which it interacts with other components within the system. This variety has resulted in the
classification of these LBS into 3 sub categories i.e. lipid particulate based, emulsion based

and vesicular based anditipystemgFigure 3.2-1).%*

Lipid based drug delivery systems

Emulsion Vesicular Lipid particulate

Ethosomes
Liposomes
Miosomes
Phytosomes
‘Transfersomes

Lipospheres

Lapid-drug conjugnies
Manostruciured hipid carmier
Solid lipid nanoparticles

Micro-cimulsions
Nano-emmlsions

Figure 3.2-1: Classification of lipid based systems for drug delivery

3.3. Nanoparticles and transdermal drug delivery

Considering the protective barrier function of the skin, healthy skin is relatively impervious
to penetrationHowever, mmerousin vitro studies regarding transdermal permeation have
shown that nanoparticles facilitateudr penetration through the SE&® Additionally,
transdermal studies have shown varying conclusions regarding routes of perm&stion
previously mentioned transdermal penetration occurs viee transcdular, follicular and

intercellular pathways™ Cell culture experiments with human epidermal keratinocytes have
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shown that nanoparticles werbserved in cytoplasmic vacuoles, indicating that transcellular
permeation was chievéd However, if the particle sizes of nanoparticles remain below 100
nm, they can access any cell of the body by endocytosis/pinocytosis, and therefore pose a
higher risk potentia With permeability to particle®00 - 300 pm, the transappendageal
route particularly hair follicles, may provide the most favourable route for the delivery of
nanoparticle® Hair follicles only make up a small surface area (0.1%) but are able to act as
reservoirs for topically applied medicin&s.Nanoparticles with elastic deformation
characteristics have been observed to penetrate the skin when it iflékagart from an
elastic deformation property attributed to the nanoparticle, mechanical deformation of the
skin is influential in the efficiency and effectivenes$ transeétrmal drug delivery
Deformation of the SC lipidlomainsfacilitates the permeation of APIs through tortuous
intercellular pathwaysOwing to research regarding the effect on mechanical deformation of
the skin and vesicle flexibilityethosomesvereinvesigatedas potentiahanocanddates for

topical drug delivery:?®
3.4. Ethosomes

EthosomegFigure 3.4-1), composed of ethanol, phospholipid, and water, were developed by
Touitou et al, 2007as additional novel lipid carriers and have been reported to improve

transderral permeation of various drugs.

Ethosomes are soft, malleable vesicles which, in comparison to conventional liposomes,
permeate the skin more rapidly and have a significantly higher transdermat¥fix*The
increase inpermeation into the deeper dermal layers is due to the relatively higher ethanol
concentration which results in a reduced veside. It has also been suggested that there is a
synergistic effect resulting from the combination of phospholipids and high ethanol
concentration. Phospholipids facilitate the movement of drugs across biological membranes
due to their biocompatible lipbidic nature, whereas ethanol acts as a permeation enhancer
by disrupting the membrane to increase permeability and allow the drug to pass through.
Human skin has a selective permeability for drugs. Ethosomes are able to encapsulate a
variety of APIs with various physicochemical characteristics e.g. hydrophilic, amphiphilic,

lipophilic.
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Figure 3.41: A schematic showing the different types of ethosomes and th
components. All ethosomes contain a phosphpid bilayer and a hydro-ethanolic core

which may or may not contain an API. Binary ethosomes contain additional alcor
Ethosomal drug delivery is a namvasive administration route which allows tAeI to be

delivered into the deep skin layers such as the devs®, because of their high ethanol
concentration, th@hospholipid bilayeis packed less tightly than conventional vesidbeit

has equivalent stability, The resultanalleablevesicle owe its flexibility to ethanalhich

acts as a plasticizéf.Molecular weights of drugs entrapped in classical ethosdraes

ranged from130 - 24 000 kDa® Researchers adve investigated the effects of drug
encapsulated vesicles on biological systéh1d® The effect of arincrease in drug flux is
significant when applied to transdermal permeation. The size range of these vesicles, ranging

from nm to um, may be adapted to suit its intended function
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Table 3.4-1: Ethosomedoaded with active pharmaceutical ingredients (APIs) prepared
for transdermal drug delivery

Author API Molecul  Indication Conclusion
ar
weight
(g/mol)
o In vitro permeation profiles indicate:
Ainbinder Testosterone _
Testosteron thatethosomal formulaticsenhancec
etd 288.42  replacement _
5 transdermal permeation of
(2005Y therapy _
testosterone by sifold
In vitro release study through aduls
Manishet Anti female human skin revealed highe
nti-
al Ketoprofen 254.28 transdemal flux with ethosomal
5 inflammatory )
(2011Y formulation compared to
hydroalcoholic drug solution.
In vitro data indicatedmproved
_ Treatment of permeation of paclitaxel in a stratur
Paolinoet _ )
_ squamous corneurmepidermis membrane modt
al Paclitaxel ~ 855.90 . . o .
; cell and increased its arproliferative
(2012 . o .
carcinoma activity in a squamous cell carcinon
model as compared to the free dru
In-vivo studyusing rat paw oedema
Patharet Pai revealed a significant increase in
ain
al Curcumin 36838 oedemanhibition using curcumin
g management
(2018Y loaded ethosomeompared to oral
curcuminadministration
In vitro permeation through rat dors.
_ _ Transdermal o _ _
Xieetal Hyaluronic ) skin indicatechyaluronic acid
° ) 846.80 delivery o
(2018Y acid _ enhanced the penetratiofi@ency
carrier
of the model drughodamine B
. . In vivostudy usingyleneinduced
Sinomenine . o . .
Yanet al _ Anti- ear elemaindicated that sinomenine
, Nhydrochlori  365.80
(2016Y q inflammatory loaded ethosomewesented strong
e

antrinflammatory activity
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3.5. Phospholipids

Phospholipids are biocompatible polymers which form the phospholipid ebilay
ethosomes® To formulate ethosomes, a variety of phospholipidsnf different sources

have been used. Although these phospholipids have different chemical structures, (e.g.
phosphatidylcholine (PC)Figure 3.51), hydrogenated PC, phosphatidic acid (PA),
phosphatidylserine (PS), phosphatidylethanolamine (PE), phodygatcerol (PPG) and
phosphatidylinositol (PI) as formulation excipients, they serve the same fuiictioform

the outer shell of the nane@sicle ad encapsulate the drug witHin.

The selection of phospholipid type and concentration for the formulation are important
factors during the development arfiethosomal system because they will influence the size,
encapsulation efficacy, zeta potential }j stability, and penetration properties of the vesicles.
The most significant parameters include: the effect on vesice and the effg on

encapsulation efficiencyf’

Figure 3.5-1: Chemical structure of phosphatidylcholine

The effect on vesiel size is directly proportion&b a certairconcentration, with an increase

in phospholipid concentration resulting in an increase in ethosomaf’sizéhas been

reported thavesicleswith higher phosphatidylcholine contenadeto the production of more

stable vesiclesft he surface charge of the ppotentighdio!l i pi
ethosome&' Incorporation of anionic lipids, e.g. ZXdipalmitoytsnglycero3-
phosphatidylglgerol, produces highly negatively charged vesicles whereas cationic lipids

e.g. 1,2 dioleoy}3-trimethylammoniurpropane [chloride salt] produgmositively darged

vesiclest®

Increasing phospholipid concentration will inase entrapment efficiency significantfy.
However, the relationship is true only until a certain concentration, where further increment
in phospholipid concentration will have no effect on entrapment efficiefitys a
supplementaryfunction, phospholipids may serve as a protective layer by preventing

endogenous degradation.
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3.6. Ethanol

Ethanol is known as an efficient permeation enhatieris believed to act by affecting the
intercellular region of the stratum corneum. Its inclusion in liposomes to form ethosomes has

already been investigatéd.

Ethanol influences a variety of ethosomal characteristics in terms of esigetability,
encapsulationefficacy, and enhanced skin permeability. The concentration of ethanol in
ethosomal systems varies from-30 %. These concentrations vary depending on the drug
incorporated into the vesicular system. Researchers have found that, up to a certain
concentréion, the relationship between ethanol concentration and vesicle size is inversely
proportional, with an increase in ethanol concentration resulting in a decrease in vesicle
size®* In comparison to liposomes (lipid vesicutastems not containing ethahiilhas been
proven that there is a sadifference between vesicular siZzé%.The mean diameter of
ethosomes is approximately 40 % smaller than classical liposomes. However, even though
ethanol has shown to decreasesicle size up to a certain concentration, there is a fine
balance between reducing vesicle size and maintaining vesicle stability. Increasing ethanol
concentration beyond the optimum level would cause the bilayer to be leaky and lead to a
slight increase in vésular size and severe decrease in entrapment efficacy, and by further
increasing in ethanol concentratiomiduld solubilize the vesiclgg:>>*’

There are a number of proposed mechanisms by which ethanol reduces vesicle size. A few
studies involving e ethosomal synthesis have shown that high ethanolic concentrations
causes interpenetration of the ethanol hydrocarbon chaichwleiads to a decreased
membranehickness, therefore resulting in a decreased vesiculaf’sz€*'%0Other studies

have shown that ethanol influences the surface charge of the ethosomes as well as the
surrounding boundarijayer resulting in enhanced stestabilization and a decreased mean
vesicle sizé% Research has shown that the high ethareditcentration leads to a negative
vesicle charge. This is important in maintaining the stability of the systems by electrostatic
repulsion whilst in suspension. Up to a certain concentration, there is a directly proportional
relationship between the comteation and the entrapment efficiency. Generally, increasing
ethanol concentration will increase entrapment efficiency. This effect applies to molecules of
varying lipophilicities, whereby ethanol increases the solubility of the lipophilic and
amphiphilicdrugs and hence increases drug loading. This relationship was found to be linear,

with ethanol concentrations between 20% and 40%. For this reason, ethanol concentration
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should be optimized during the formulation process, as at low concentrations entrapme
efficacy will be minimal, and at very high concentrations ethosomal membrane will be more
permeable because phospholipids can easily be dissolved in ethanol, leading to a significant

reduction inencapsulatioefficacy (EE)*
3.7.Cholesterol

Cholesterol is a C27 rigid steroid molecule which has a structure that facilitates lipid based
vesicle structure integrity. This characteristic of chelestis influential in the structural
parameters of the drug, such as the vesicle stability, as well as the ability of the vesicle to
encapsulatehe loaded drug and liberate it from its core. TlitEas well as vesicle stability,

are influenced by the agentration otholesterol within the systeffi.

Research has shown that concentrations ranging frof@ % have been included in
ethosomal formulation$®'°® The varying concentrations are dependent on the ideal
properties of the intendefbrmulation to suit its function. These concentrations are also
dependent on the pe of drug that was encapsulated within the ethosome as well as the
excipients of the ethosomal formulation which, collectively, influence the overall vesicle

properties.

Amongst the aforementioned characterstaholesterol has also shown to preverdimgar
leakage, i.e. ensuring that encapsulated drug is not liberated prematurely. If the polymer is to
be considered as the cement of the structure, then it is the cholesterol which acts as stones

within the cement to form concrete which is much morigl @gpd stable once set.

An important factor to consider when determining the optimum cholesterol concentoation
nanoparticless to consider its influence on vesicle size. This is critical when taking the
disease, the intended formulation and the intended route of administration into account as
vesicle size will influence drug deliveryhe influence of cholesterol on the vesisize may

be managed by comminution which is dependent on the method empioyttdosomal

synthesis?®

The inclusion of cholesterol has alsamsim to influence the elasticity of ethosomes which

are, apart from being relatively smaller than other lipid based sygstems, generally able to

transverse biological membranes because they are flexible. This is an ideal property for

transdermal formulains. However, increasing the cholesterol concentration and thus
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increasing the rigidity, has shown to decrease this elastic propertytro studies using
Franz diffusion cells and confocal lassgranning microscopy showed that these multilamellar
vesides (MLVs) were not able to pass across the stratum corneum due to the higher rigidity,

making itmore dificult for the drug to permeatke skin'**%%

The inclusion of cholesterol in ethosomal vesicles has both advantages and disadvantages
which must be managed during formulation development. Ethosomal paramaetesasily
influenced by any addition of any excipient and thus care must be taken during formulation to

ensure that the ideal properties for its intended use are maintained.
3.8. Ethosome mechanism of permeation

During this norinvasive method of drug delixg the vesicle encapsulating the drug is able

to move by passive diffusion where it moves from a higher concentration at the stratum
corneum to the deeper layers of the dermis. Although tlageneric model of transdermal

drug delivery it is well known, there are characteristics which are specific to ethosomes that
enhance efficiency of the process. It is noteworthy that the mechanism by which the
ethosomal system enhances drug delivery into and across the skin differs from the mode of

action of otheltipid vesicles.®1%

There are 5 recogred mechanism@rigure 3.8-1 A-E) of transdermal permeatidor lipid
based drugdelivery systemseach with its own distinct feature which allowdls to
transverseéhe SC. All pathways are described by either or bbthe followingprinciples:

M Increasei n t hermodynamic activity due sho eva
ef fée.ct O
1 APRull effectd in which penetration of drug molecule is increased due to reduction in

barrier property of subcutaneous tissue by eth&hol

As an individual component, it is well known that ethanol is a permeation ent&hcer
Ethosomes contain ethanol which is pertinent in transdermal drug flux. Thesgasities

are propelled by ethanol which is liberated from a higher concentration gradient within the
ethosomes to the interstitial fluid surrounding coayes.The liberation of ethanol has also
shown to disrupt the layers of tH&C, essentially creating an avenue which allows the
ethosomes to move easilyn addition, ethanol also adds flexibility to ethosomes as it is

located within the phospholipid bByers. This generates a soft structured vesicle with a
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fluidised bilayer®® This elastic property of ethosomes allows them to transverse biological
membranes both trarappendeagally and trawgsllularly. Ethanol penetrates into
intercellular lipids and increases tteidity of cell membrane lipids and decrease the density
of the lipid multilayer of cell membraneEthosomes are able to fuse with skin lipids and

release the drug into the viable epiderarad dermis layers of the skih.

3,55
Adapted front

R @ Polymer

.. 'r’"":‘:; Dru'g
Ethosome RO 2R LT
R RN Water
e loisly
2y INES ¢  Ethanol
A B c D E E
Stratum

Viable
epidermis

Sweat duct

Hair follicle

s Dermis

Aw 5 B e S—
" Q?/Av" T e P e LD ",oﬂ
STEIED ST A A

Figure 3.8-1: Proposed mechanisms of action for lipid based drug delivery systems

A. Free drug, released from ethosesnis able to moveatercellularly

B. The concentration gradient created by ethanol release intsuitsundings may
disrupt the SC and allow the drug to transverse biological membranes with less
restriction caused by the phospholipid bilayer of cell membranes.

C. Intact vesicles mapermeatethe stratum corneum and the fusion of the respective
ethosomal ath cellular phospholipid bilayers results in the release of encapsulated

drug to target dermal tissue.
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D. Intact vesicles may penetrate the SC and be absorbed into the deep tissue layers of the
skin.

E. The vesicles may penetrate tlepidermisvia the transappemageal route Hair
follicles are the more plausible route of permeation as it is a passive process.
Although sweat ducts are a possible route, it is unlikely to be effective. Sweat ducts
areconstantlyactive in maintaining homeostasis, therefore, permeatiould require

active transport against the flow of sweat.

A model representing the mode of ethosomal system action was proposed based on system
characteristics and numerous skin penetration and permeation studies which revealed that
ethosomes perform sigicantly better than each of their individual system components or
combinations'** Using confocal laser scanning microscopy (CLSMyas shown that a
drug deliveredn vivofrom ethosomes, penetrated rat skin through the-aaereocyte
pathways, which typically exist along the lipid domain of &t (Figure 3.8-1 route D). In
contrast, significantly lower fluorescence staining @f ithitercellular penetration pathway
and no interor intracorneocyte fluorescence were observed with drug hgthanolic
solution and liposomes, respectivel{>’**Confirmed by botfin vitro andin vivoskin
delivery studies, it was shown that the individual components included in ethosomal systems

work synergstically o enhance penetration through gte&tum corneum.

3.9. Advantages and disadvantages of ethosomes as novel drug delivery systems in

transdermal permeation

In comparison to other transdermal delivery systems, ethosomes show essential advantages

which make them an ideal candidate for drug delivri?;2>>%86:82.107.131,132

Advantages

Enhanced permeation of drug through skin for transdermal drug delivery.
It contains biocompatible raw material in formulation which increases its safety
profile.
The ethosomal system is passive anddneasive
1 Ethosomal drug delivery system can be applied widely in Pharmaceutical, Veterinary,

Cosmetic fields.
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1 Simple method for drug delivery in comparison to lontophoresis and Phonophoresis
and other complicatemhethods.
May increase efficacy and therapeutic index.

Ethosomes improve skin delivery of drugs both under occlusive andautusive

conditions.
Suitable for a variety of APIs, differing in aqueous solubility and polarity.

Ethosomes are relativepmaller than other conventional lipid namesicles.
Disadvantages

A low yield may not be economical.
Percutaneous absorption depends on the molecular size of the drug, thus restricting
possible APIs in formulation of nanovesicles.

1 Ethosomal drug delivergystem is limited to potent drugs and not for drugs that

require high blood levels.

1 Skin irritation or dermatitis may occur in some patients due to permeation enhancer or

the excipients used.

1 Ethosomal administration is not a means to achieve rapid bge drug input, rather

it is usually designed to offer slow, sustained drug delivery.

1 Adequate solubility of the drug in both lipophilic and aqueous environments to reach

dermal microcirculation and gain access to the systemic circulation.
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Chapter 4 Nanoparticle synthesis

4. Introduction

In this chapterthe general principles for naparticle synthesigsire reviewed. Additionally,
the reason for eaclstep inthe methodology was researched to get a comprehensive
understanding of the variables influencireghosomal characteristics. Characterisation

methods and their limitations are also reviewed.
4.1. Nanopatrticle synthesis

Nanoparticles can be synthesised frdrgeneraimethods- each with their own advantages

and limitations”*

The topdown method involves the physical comminution of the drug crystals intesiaed
particles by wet or dry milling techniquésThese particle size reduction processes are
utilised to decrease the particle safdlarger materials to within the namange. The recent
development in size reduction technologies, such as media milling,-fluctization and

high pressure homogenization, has resulted in a variety of methods available for different
types of materials*? Although useful in reducing the particle size, these approaches
demonstrate a number of limitations and drawbacks. The high energy forces and mechanical
stresses applied to materials have the potential to degrade thermolabile conipbunds
Compounds maglso be subjected to conditions which facilitate polymorphism which might
alter the physicochemical properties of such mateltalBepending on the comminution

process used, impurities may also be introduced.

The bottomup method is based upon controlled precipitation of nanoparticles which occurs
as a resulof the addition of an ansolvent, cataining stabilizers from dissolution, in a
suitable solvent™® The approach avoids difficulties resulting from high pressure milling or
homogenization techniques. -Date, there are four main bottarp approaches which are
employed to prepare nanoparticles. Sugbpraaches include: the solveanttisolvent
method, supercritical fluid techragy, spray drying and emulsi@olvent evaporatiot
However, some of the drawbacks for this kind of approach are logvlidadling and process

scaleup.'®
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4.2. Comminution of nanoparticles in suspension

During the synthesis of nanoparticles, it may be necessary to reduce the particle size to ensure
thatthey are suited to their functio@omminution techniques such as sonication, extrusion

and homogenization, have been devised to reduce the mean size of lipigpphwdietes for

nano drug delivery system¥ These particles may be classifiedskd on their size and

lamellarity as shown ifable 4.2-1

Table 4.2-1: The size classification of lipid based drug delivery vesicles

TYPES OF ABBR DIAMETER NUMBER OF LIPID
VESICLES BILAYERS
Small
unilamellar SUVs Around 100 nm Single bilayers
vesicles
Ollgolamellar OLVs 0.1 1 um ApprOX|_mater 5 lipid
vesicles bilayers
Mul.tllamellar MLVs 50071 5,000 nm Concentric bilayers
vesicles
Large
unilamellar LUVs 2007 800 nm Single bilayers
vesicles
Mul_tlvesmular MVVs >1 m Multi-compartmental
vesicles structure

A SUVs - due to their homogeneity in size, are more suitable for parenteral
administration than MLVs. However, their small size results in lower encapsulation of
hydrophilic drugs.

A OLVs- due to their lamellarity, may have sustained release of encapsulated material

A LUVs - due to their larger aqueous coran entrap a higher amount of hydrophilic
drugs relative to SUVs

A MLVs - due to their large lamellarityare more suited to incorpoeatipophilic
molecules compared to hydrophilic substanges.

A MVVs - due b theirlarge aqueous phase to lipid ratio; are very efficient at entrapping

large volums of hydrophilic material and providing sustained reléHse

Apart from reducing the particle size, these methods may also be used to decrease the size
distribution to be within a certain range. This distribution of homogeneity, commonly
referred to as the poly dispersity ind€d() is a measurement of the frequernd the average

size of the nanoparticles measured by dynamic light scattering.
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4.2.1. Sonication

Sonicationrefers to the applicatioof sonic energytypically 20- 40 kHz ,to reduce the size

of suspended particlde micro and nano size rang&he disruption of polymeric particle
shellsoccurs by a phenomenon referred to as cavitabawn inFigure 4.2.11.*® During
cavitation, acoustic waves generate a pressure gradient where bubbles form spontaneously in
the bulk medium. These cavitation bubbles can be characterized by the dynamics of
oscillations and the maximum teematures (approx. 5,000 K) and pressures (approx. 2,000
am) reached when they collapSé.

Adapted fron18119.126

Compression Compression Compression Compression Compression

Sound pressure

- Rarefaction Rarefaction Rarefaction Rarefaction Rarefaction Rarefaction

Bubble Formation = Bubble Growth =% Bubble Implosion

Bubbles i bulk
medium

Before After

Sonication

Figure 4.2.11: A schematic representation showing the mechanism in whi

comminution is achieved by sonication.

In a sonication cycle, there is a compression and an expansion event where these bubbles
shrink and grow in size. The size of the bubbldiisctly proportional to the acoustic power

and inversely proportional to theltrasound frequencl?® Since the rate of expansion is
greater than the rate of compression, the bubble increases in size until it implodes. The
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implosion results in the liberation of shock waves, heat, shear forces and free radicals

resulting in comminution®*

To reduce the particle sizes of lipid based nanosystems, ultrasonic bath sonicators and probe
sonicators are typically useth this method, macr@and micro sized vesiclas suspension

are subjected to cycles of high and low pressure. During theplessure cycle, high
intensity ultrasonic waves create microscopic vacuum bubbles or voids in the liquid which
attain a maximum volume at which they caa longer absorb energy. During the high
pressure cycle they collapse violently and generate a localized shock wave that releases
tremendous mechanical and thermal energy. This entropic exchange is what drives
comminution of lipid basd nanoparticles inuspensiort? Although both systems generate

sonic waves by a similar mechanism, it is ultimately the mechanism of sonic wave delivery

that differs. Each one has its respectiveo$@idvantages and disadvantages.

Probe sonicators act by direct sonication where the probe is immersed in the lipid suspension.
The probe makes direct contact with the lipid suspension and a subsequent high energy is
transferred Unfortunately the high eergy imparted onto the system may generate a lot of
heat and may degrade the polymer. Sonicationrtipg release titanium particles into the

lipid suspension which must be remoumdcentrifugation prior to use>

Ultrasonic bath sonicators act by indirect sonication where a vessel (beaker, voldiamkri

etc.) containing a lipid suspension is immersed into a liquid (typically wptepagating
ultrasonic wavesThe sound waves must travel through both the bath or cup liquid (typically
water) and the wall of the sample container before reaching the suspension. In direct
sonication, the probe is in contact with the suspension, reducing the physical barriers to wave
propagation and therefore delivering a higher effective energy output into the susp&hsion.

Sonication results in the clarification of a suspension which becomes more transparent as the
size of the particles decrease iran size and distributioare influenced by composition,
concentréion, temperature, sonication time and paweslume, and sonicator tunifg*?

Since it is nearly impossible to reproduce the conditions of sonication, size variation between
batches produced at different times is not uncommon. Althoughulusefparticle size
reduction of LMVs, when applied toUVs, vesicles may lyse resulting in the leaking of
nancvesicles and a reduction tine encapsulation efficiency.
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4.2.2. Extrusion

Extrusion is a method used to reduce the particle size of lipid based drug delivery

systems-"®31%127 |n this process, the prepared lipid suspension is passed through a

membrane filter of a defined pore size for a predetermined number of cycles. Compared to
sonication, extrusion is much more reproducible at producing nanoparticles with a decreased
polydispersity index Rdl). Relative to sonication, the technique requires kssrgy to

reduce particle size frotarger to smaller size rangé§®

Adapted fromt?®
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Figure 4.2.21: A mini extruder and its components
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In a desktopmini-extruder(Figure 4.2.21) %

, the amount of sample extrudpdr cycle is
limited to the volume of theyringe. Typically, syringes are up to 1000 pml in volume and
the technique is thus conducive for small samples but larger samples can be quite time

consuming*?°

It is important to control the parameters which influence particle size and the size distribution
of lipid based drug delivery vesicles in suspensibime number of extrusion cycles, pore

size, temperature and applied pressure are variables which need to be considered, as they
influence the avemge particle size and thedl.''? The number of extrusion cycles may
influence both thePdl and particle gie Fewer cycles result in a bimodal particle size
distribution with large and small nanoparticles whereas an increased number of cycles results
in a unimodal distribution with the size of the particles directly related to the membrane pore
size. Since the pressure is manually controlled by the force applied byotherator it is
important to keep the pressure consistent. The applied pressure will influence the flow rate of
the suspension passing through the membrane. Membranes varying in pore size are
interchangeable and influence mean particle sizePathdvith a smaller pore size resulting in

a decreased mean diameter and decrdaged he influence of temperature on th@mpleis

directly related to the flow rate and its rheological properties. Theesuent increas# the

flow rate makes dxusion easier for theperator
4.3. Centrifugation

Centrifugation is a tool that is useful to separate particles within a preparation or sample
based on their respective molecular weigltsntrifugation causes separations of matter on
the basis of differences in molecular weigpolydispersity with respect to density, and
therefore with regard to chemical composition, is amenable to direct artd\&&parations
achieved through rapid spinning which imposes high centrifugal forces on suspended
particles. The force generated by the centrifuge can be expressedofutions per minute
(RPM) or relative centrifugal force (RCF). RPM is used to quantify how fast the rotor is
rotating’®* This rotation speed is an independent variable relative to the rotor size. The RCF
is a more valuable pameter regarding purification or isolation of nanoparticles in a colloidal
suspension as it expresses the force exerted on the samplés R€&sured in-fprce and

may be calculated using the equation:
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YOO pp ppaap T vWi W N a
Equation 1. Relative centrifugal force
Where:
1 ris the rotor radius in centimetres

Regarding lipid nano drug delivery systems containing thermolabile polymers, the centrifuge
can be modifid to contain a cooling systefor operation at lower temperatures. This is
important in maintainingthe synthesised vesicles withittle risk of denaturation of

phospholipid bilayers.
4.4.Lyophilisation

Freeze drying, also known as lyophilisation is a technique employed to resulwants,
typically water, within a hydrated/solvated preparasample by sublimation and desorption
under vacuumSublimation, as defined by the IUPACs fAt he direct transi

vapour without passing through a |iquid phas

Adapted fronf>
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Figure 4.4-1: Phase diagram of wagr
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This phenmenon occurswhen a solvent is within specific temperature and pressure
conditions. An example of a commanacroscopicview of this phenomenon can be seen

wh e n i diapgrisesacsandard temperature and pressure.

The rel ati ons hi ptramsitionsaundsrdiffereatrstariard tentpexaduee and
pressure isepresented as a phase diagrammshown in the phase diagram of watérgure
4.4-1), sublimation conditions are met across I, when water transitions from solid to

vapour without algaracteristic melt. These conditions can be met by lyophilisation

When it comes to formulation componertg solid state is the most stable form. Whether as
pure drugs, excipients or medicines, materials stored in solid state have a longiée shadf

are less susceptible to microbial contaminat©ne of the major challenges in nanoparticle
synthesis is in preserving the compound for future use in formulations or for analytical
purposes. When stored as aqueous suspensions for extended periogsrticies in
suspension are prone to aggregation/particle fusion and/or chemical instability such as
hydrolysis and leaking of encapsulated drug into the bulk medium. One way to overcome this
physical/chemical instability is to freeze dry the samplesrantbve the solvent tobtain a

cake with short reconstitution time, low residual moisture content and goodtény

stability.

A well freeze dried sample sthiol meet the following criteri&®? 34

The lyophilizate should be easily reconstituted with a quick reconstittate

The physicochemical characteristics.g. vesicle size, drug entrapment) of the
lyophilizate should be retained

The residual moisture content of the sample should be low

The stability of the freeze dried product should be maintained.
4.5. Characterisation of Nanoparticles

Nanoparticlesmay be characterised by a number of parameters which influence its
functionality, for example in this study we look ansdermal drug delivery. Their behaviour
in biological systems is influenced by parameters suclsias; membrane permeability,
encapsulation efficiency, chemical and physical stability, as well as the quantity and purity of
the starting materiaf$:> It is essential to consider these parameters when developing a

method for ethosomal synthesised in transdermal drug deliveaynd to take care when
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selecting excipients due to their influence on vesicle characterishese parameters will
influence the pharmacokinetics of thacapsulatedPI. In order to characterise ethosomes,

various parameteme analysedselected parameters are representddibie 4.5-1

Table 4.51: Parameters whichinfluence ethosomes and the analytical techniques ust
for analysis

ANALYTICAL

PARAMETER SIGNIFICANCE TOOL/TECHNIQUE

To determine ethosomal skin Scanningelectron microscopy,

Morphology permeability and predict transmission electron microscopy,
and/or transdermal route of dynamic light scattering, photon
polydispersity absorption correlation spectroscopy, size
index exclusion chromatography, fieftbw

fractionation

To determine the stability of Dynamic light scattering, Zeta Meter,

Zeta potential ethosomes as a colloidal

&P dispersion
Entrapment To determine the efficiency o Ultracentrifugation, High performanct
efficie%cy the synthesis method liquid chromatography, UV

spectrophotometry

To determine the amount of High performance liquid

ethosomes to be included in ¢ chromatography, UV
Drug content transdermal formulation for  spectrophotometry

pharmacotherapeutic

application

To determine the shelf 6fof  Scanning electron microscopy,
Stability studies  the ethosomal formulation in transmission electron microscopy,
suspension and/or solid state dynamic light scattering, High
performance liquid chromatography

To determine the rate at whic Franz diffusion cells, High
theencapsulated drug is performance liquid chromatography,
released from ethosomes UV spectrophotometry

In vitro
dissolution

To determine the rate of drug Confocal laser scanning microscopy

Skin permeation transport through skin

. To determine encapsulation, Hot stage microscopy, Differential
Transition

purity scanning calorimetry,
temperature . . :
thermogravimetric analysis.
To determine possible Fouriertransforminfrared
Chemical chemical interactions betwee spectroscopy
interactions functional groups formulation
components

All of the parameters listed are important in the qualitative and quantitative analysis of
ethosomes.
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4.6. Dynamic light scattering

Dynamic light scattering (DLS), also referred to as photon correlation spectrqstgy is

ananalytical tool used to characterise the particle size and size distribution of nanoparticles in
suspension. The technique is based on the principle of Brownian motion and the tendency of
nanoparticles, of varying sizes, in suspension to refract figlBrownian motion is the

random movement of particles due to the bombardmenthbysolvent molecules that

surround them. The particle size is inversely proportional to the speed of its movement, with

| arger particles displaying a decreased disp
the solvent molecules and move moreidbp**® When a focused light beam is directed at

these particles, constructive and destructive interference of the photons commences. This is
measured as a time dependent intensity fluctuation whictbeadetected and correlated to

particle size.

DLS is affected by parameters such as viscosity and temperature which are directly related.
The viscosity of a liquid is a known input into the DLS syst#msit important to maintain
the temperature to prale accurate results as convection currents in the sample will cause

nonrandom movements that will ruin the correct interpretation of'$ize.
4.6.1. Particle size

The hydrodynamic diameter (HdD) is a measurement of the particle size of nanoparticles in
suspension. This size correlates to how a particle diffugbswe fluid. The size of a particle

is calculated from the translational diffusion coeffictéhby usirg the Stokes Einsten
equation:

Q0 QR -0

Equation 2: Stokes Einstein equation

Where:
1 d(H)= hydrodynamic diameter
1 = translational diffusion coefficient (velocity of Brownian motion)
1 k= Boltzmannoés constant
1 T= absoluteemperature
T o= viscosity
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The diameter that is obtained by this technique is the diameter of a sphere that has the same
translational diffusion coefficient as the particle. The translational diffusion coefficient will
depend not only on the size of thepai cl e Acoreo, but also on an
the concentration and type of ions in the meditifmere are multipledctors that affect the
diffusion sped of particlesuch as, theonic concentration of the medium and, theface
structure of the particf° The ions in the medium and the total ionic concentration can affect

the particle diffusion speed by changing the thickness of the electric double layer called the
Debye length (K1). Thus a low conductivity medium will produce an extended ddalpkr

of ions around the particle, reducing the diffusion speed and resulting in a larger, apparent
hydrodynamic diameter. Conversely, higher conductivity media will suppress the electrical
double layer and the measured hydrodynamic diaméigditionally, any change to the
surface of a particle that affects the diffusion speed will correspondingly change the apparent
size of the particle. An adsorbed polymer layer projecting out into the medium will reduce the
diffusion speed more if the polymer is lyinigtfon the surfacelhe aforementioned factors

may affect the polymer conformation, which in turn can change the apparenby several

nanometres.
4.6.2. Polydispersity Index

The polydispersity indexPdl) of nanoparticles is an important parameter used trridesthe
uniformity of the sample. To characterise nanopartiatesiratelyasthe mean particle size,

is important to have a normahrticle size distribution the rarrower the distributionthe
better the rpresentation of the actual particle st2&"*"In general, samplesith PdI below
0.1 are considered monodispersénereassamples withPdl above 0.1 are referred to as
polydisperse. The higher thedl value, the less uniform the sample /.sample size
distribution which is less than <0iS considered acceptable asinitlicates that the size
distribution of theparticles is close to the mean size.

It is important to note that, when using DLS to obtaifd value, the particle size is
measured in terms of a spherical particle. A similar scatter plot aspi@mnical parcles will

be obtaied hence the need to confirm the physical characteristics of the sample in
conjunction with another analytical technigserequired Apart from the nosdiscrimination
involved in particle shape, this technique may include the solvatyer of solvent
molecules around suspended colloidal particles to be a part of them. The resultant
measurement may be an overcompensation for the particle size and thus not the tlie size.
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4.6.3. Zeta potential

Adapted from'"®

W Positively charged
particle

& Negatively charged
' particle in solvent

'&') Counter 1008

Elactrical double layer

Collodal Stemn potential

<!la‘[l:‘l’|.\'l€)ﬂ

Stem laver

Gouy-Chapman diffuse
layer

Figure 4.6.21: A diagrammatical representation of the electrical doubldayer

of a nanoparticle dispersed within a colloidal suspension.

Zeta potentiale pis measured using zeta metelandindicates the overall charge a particle
acquired in a specific medium. The overall charge occurs as a result of the attractive Van der
Waal 6s forces and repul sive f of'dhesetchargeat ed
density on a microfluidic substrate in contacthvan aqueous solution gives rise to an
electrical double layel(Figure 4.6.21). This potential (mV) exists at the solidjuid
interface which varies according to the distance of the liquid molecule from the particle

surface*?

The stability of a nangsuspensioras a lipid based drug delivery system and its subsequent
sheltlife can be predicted by the pNanasuspensions, such as ethosomes, remain stable
because of the degree of repulsion between the suspended vesicles with one another and with

the solvent in which they are suspended. In order for ethosomes to remain suspended (i.e.
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with a net force greater thagravity) the charge should be great enough to prevent
aggregation to keep these particles within the suspension. Generallys Ipjghgative or
positive) prevents aggregation of the particles due to electric repulsion and electrically
stabilizes the naparticle dispersion. On the other hand, in the case ofelgvattraction

exceeds repulsion and the disgien coagulates or flocculat&s.

Table 4.6.31: The gandard zeta potential values and their related stability behaviour.

ZETA POTENTIAL (mV) STABILITY BEHAVIOUR
Oto 5 Swift flocculation
+10 to +30 Initial instability
+30 to 40 Modest stability
+40 to £60 Fine stability
More than +61 Tremendous stability

As shown inTable 4.6.31, nanopatrticles with & pabove (+) 30 mV indicate that the
nanoparticleshouldremain in a deflocculated state.

4.7.High performance liquid chromatography

High performance liquid chromatography (HPLC) isemsitive, versatile and reproducible
analytical technique with many pharmaceutical research applications accounting for both
qualitative and quantitative analy$f. Commonly utilised in pharmaceutical chemistry,
preparative HPLC refers to the process of isolation and purification of compounds. However,
when usd in pharmaceutics, analytical HPLC is preferred. In this instance, HPLC is used to
analyse and quantify, the sample containing a (usually known) compotifthis can be
applied to experiments such as: tablet dissatusiedies, shelf life determinationstability
studies, identification of APIs,harmaceutical quality controlhé encapsulation efficiency

andentrapmat efficiency of nanoparticles”

For the accurate analysis of a compound, there are parametersmstive controlled to
influence the quality of resultéTable 4.7-1). Methods need to be validated for known
compounds to ensure accuracy and reproducibility. For unknown compounds, HPLC methods

need to be developed and then validated.
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Table 4.7-1: An overview of the influence of selected parameters on the quality bfPLC

analysis

RELATIONSHIP
BETWEEN

PARAMETER SIGNIFICANCE

VARIABLE AND
ANALYTE

INFLUENCE ON
CHROMATOGRAM

The lower the internal
diameter of the column,

Internal Determines quantity  the lower quantity of Reduced area under
diameter of of analyte. analyte retrieved from  the curve (AUC) of
column the sample. Lower IDs retention peaks
also reduce sample
loading capacity.
The smaller the particle
Column Determines qualif[y size, the greater the Reduced peak width
particle size of analyte separatior greater surface area, ar . nd better resolution.
(Peak resolution)  the better the separatiol
of the analyte.
Determines quality
of analyte separatior
(Peak resolution)
Pore size of Po_r_e size defines ai The smaller the pore siz:
. ability of the analyte Reduced peak th
packing the greater the surface .
. molecules to and better resolution
material area.

penetrate inside the
particle and interact
with its inner
surface.

Pump Pressure

The higher the pressure

Determines quality the quicker the velocity

of separation and  of the mobile phase anc

retention time of the the faster the movemen

analyte. of the analyte through th
column.

Reduced peak with,
shorter retention time
of the analyte

Determines the

viscosity of the The higher the pressure

Reduced retention tim

Temperature mobile phase and th the lower the viscosity o
: ) of theanalyte
rate of the retention the mobile phase
time of the analyte.
Influences the The greater the affinity Influences the
Mobile phase of the analyte for the retention time, quality

concentration

partitioning of the

mobile phase, the faste
analyte.

the retention time.

and quantity of analyte
separation.

Determines the An increase in the

Injection injection volume results  Increased AUC of
amount of sample tc " ° . .
Volume In an increase in the analyte.
be analysed .
guantity of the analyte
Sample Determines the An increase in sample  Increased AUC of
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concentration ~ amount of sample t¢ concentration results in analyte.
be analysed an increase in the
guantity of the analyte

When utilised for determination of encapsulation efficiency, entrapment efficiency and
vesicle stability oflipid drug delivery systemshe APl may be analysed either directly or
indirectly. Using the direct method, the vesicle is first lysed using a suitable solvent and/or
sonication method. The liberated drug is obtained by ultracentrifugation. Depending on its
affinity, it can be obtaineds a pellet or a supernatant. The pure API is then qualitatively
assayed using any developetethod (e.g. HPLCand then quantitatively analysed using
HPLC. In the indect method, the supernatanf the ultracentrifuged lipid colloidal

suspension is atysed
4.8. Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR) is a qualitative analytical tool used for the
identification of functional groups within a compound. A compound examined using FTIR is
subjected to IR radiationithin thewavel ength range from 2.5 &gm
range 4000 cht to 660cm' ). Electromagnetic irradiation of the sample triggers molecular
vibrations, which are characteristic of the associated 2D and 3D movements of the bonds of
atoms correspading to certain functional groupshese characteristics are influenced by the
strength of the bonds, conjugation and polarity of the atoms within the compound. The
presence of electron withdrawing groups such as oxygen influences the formadipolef
momentswhich influences the movement of hydrogens within the magnetic field. This
influences the bending, compression and stretching of bonds within the compound observed.
The vibrational frequency may be exnmusigssed a

the following equatiorf*®

Equation 3: Fundamental vibrational frequency

Where:

1 = fundamental vibration frequency

1 Q= force constant
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1 M =Reduced mass
Reduced mass = gmy) / (my+my)
Where:

1 m;and m are the component masses for the chemical bond under consideration

63,177
Adapted from'
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Figure 4.8-1: A simplified FTIR spectrogram showing the different peak sizes.

IR data are represented as bands on a spectrogram which displays the relationship of
(absorbance or transmittance) vs wave number. With respect to relative intensity, these bands
canbe classifi@d as strong, medium aveak; regarding the band width aatk classifed as

broad or narrowFigure 4.8-1). The fingerprint regior{1400- 600 cn), is a series of bands

that arespecific to any compound. Thisdfeire,used in conjunction with other analytical
techniquedqe.g. ruclear magnetic resonanedNMR), can be used to vér the identity of
compounds to provide a comprehensive picture of its morphadmgly physicochemical

properties.
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In the determination of eapsulation of drugs withimanovesicles the bands of the pure
componentsompared tahat of the vesicleare compared. Changes in the properties (e.g.
disappearance, broadening, variations in peak intensity, peak shifts) of respective

characteristic bargdare indicative of interactions dndnanoparticle formation
4.9. Scanning electron microscopy

Scanning electron microscopy (SEM) is an analytical technique that, apart from elemental
and state analysis, typically provides information regardingntbgohology of the sample
observed. As opposed to traditional optical microscopes, which use a light source to observe
the sample, SEM uses a high energy electron beam. Using a raster scan, a high resolution
image of the sample surface is provided by a mem involving the scattering of electrons.

An electron gun is used to bombard the sample with electrons. When electrons enter the
sample, they are scattered within it. Some of this energy is absorbed by the sample. Variables
such as the electron energytpmic number of the elements and the density of the atoms
influence the scattering ra@gand interaction of these electrons. The scattering of electrons
provides signals such asecondary electron emission, beadattereeklectrons, cathode
luminescenceral X-rays,which can be detected. The diversity of electron scattering shows
differences in origin, energy and sourCGallectively, a comprehensive data segénerated

which can be displayed as an imagdée resolution of the image is dependent oratinay of

signals detectetf’

4.10. Thermoanalyses

As the name suggests, thermoanalysis involves the introduction of heat into a system to
analyses it. Thermoptometry is a term used to describe “ayfahithermoanalytical
techniques in which an optical property of the sample is monitored versus time or
temperature, while the temperature of the sample in a specified atmosphere,

programmed 8

When characterising compounds using thermoanalysesnonly used techniques include:

hot stage microscopHSM), differential scanning calorimetfpSC) and thermogravimetric
analysisTGA, which work gnergistically to categorise physical transitions of compounds.
When viewed collectively, the data generated from these analytical techniques provide a
comprehensive picture regarding the morphol@gyl physicochemical properties the

compound. When uséddependerly, the data may providan incomplete pictur®.
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4.10.1.Hot stage mcroscopy

Hot stagemicroscopy (HSM), also referred to as thermizroscopy, is an analytical
technique that combines light microscopy with the introduction of heat provided by a hot
stage, to perform solid state characterisat{8ithe addition of thermal events allows for the
observation of phase transitions which, in conjunction with other thermoanalytical techniques
(such as TGA and DSC), provide a costpensiveprofile of the physicohemical properties

of the sample observed. Since analyses such as TGA and DSC are in closed systems where
the sample is shielded from the naked eye of the researcher, it is beneficial to include this
complementary technique as anteabative perspective. HSM is useful in providing

information such as

Solid-solid transformations

Interaction between different compounds
Dissolution of one compound in another
Sublimation and/or evaporation

Melting or liquefaction upon heating (soliiduid transformations)

= =2 4 4 - -2

Solidification upon cooling (liquigsolid transformations§®

The quality of the data obtained from HSM is influenced byn@e preparation, size
distribution and the heating rate of the sample observed. As a tool in the analysis of
nanoparticles, its use is warranted due to the added benefit of a small quantity required for

analysis!*®®

Used in isolation, it does not possess the sensitivitycouracy of TGA or DSCThe
marriage of haestage microscopy to new technology, sashhighresolution colour cameras
and image manipulation software, videshanced microscopy offers even greater

possibilities for the characterization of materiafs.
4.10.2.Differential scanning calorimetry

Differential scanning calorimetry (DSC) is an analytical tool useful in the -stdig
characterization of substances. This is because of its ability to provide detfoledation
about the physical and energetic properties of substatfcas.an analytical tool, DSC is

useful in determining the following physical transitifg3>*33+>3
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Melting, crystallisation, glass transitions and mesophaseitions

The evaporation of liquid samples

Drying (desorption of adsorbed moisture or solvents)

The sublimation of solid samples

Decomposition of hydrates or solvates with the elimination of the water
Chemical reactions

Thermal decomposition

= =4 4 A4 -4 -4 A -2

Polymerigtion

Table 4.10.21: Characteristics which influence glass transition temperatures of solic
state compounds using thermogravimetric analysis

PARAMETER EFFECT ON GLASS TRANSITION

Increasingecrystallinity results in smaller step height with

Crystallinity N
subsequent larger and broader glass transition
Crosslinking, Curing, Tg shifts to a higher temperature with increasing mole
Polymerisation, Molar Mass mass or crosslinking
Orientation and Storage Internalstresses and storage shift Tg and increase of 1
Below Tg enthalpy relaxation peak
Plasticizers Plasticisershift Tg to lower temperatures
_ Incompatible mixtures give twinansitions, compatible
Mixtures ]
mixtures only one

Block andgraft copolymers of compatible monomers ar

Co-Polymers statistical cepolymers show only one transition, otherwit

two transitions

_ o Tg step height and the width of the transition can chan
Chemical Modification .
several transitions can occur

The glassliquid transition(Tg), or glass transition, is the gradual and reversible transition in

amorphous materials, from a hard and relatively brittle "glassy" state into a viscous or
rubbery statesithe temperature is increased. As show(T&ble 4.10.21), it may ke
influenced by sample characteristics.
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4.10.3.Thermogravimetric analysis

Thermogravimetric analysis (TGA) is an analytical tool used to analyse the change in the
mass of a sample with respect to a fluctuation in temperature. It is a thermal balance that
provides information regarding the phase transitions that occur as a result of enthalpy
changes at a fixed gradient over a specified périb@his thermoanalytical technique
measures a sampleds weight as it i's heated
atmosphere with a purged gas that is inert and does not induce combustion. When used in the
analyses of nanoparticles pitovides complmentary data to validaencapsulationChanges

in the temperature of the phase transitjoredative to the pure componentsould be

indicative of the formation of a namesicle The temperature of phase transitions can either

be attributed to weight gaior weight loss. Weight loss may be attributed to:

1 Chemical reactions (decomposition and water loss of crystallisation, combustion,

reduction of metals

1 Physical transitions ( vaporisations, evaporation, sublimation, desorption, drying)
Whereas weight gaimay be attributed to:

1 Chemical reactions (reactions with gaseous substances in the purge gas sdich as O

1 Physical transitions (absorption of gaseous substances)

Much like the aforementioned thernmadyses, TGA is best utilised conjunction with other
types of thermoanalysds providecomprehensiveharacterisatiorof the physicohemical

nature of a compound.
4.11. Drug release

Drug release refers to the mechanism describing the conversion of an API into a bioavailable
constituent which may be utilised bthe body for pharmacotherapeutic effect. The
mechanism of releas@~igure 4.11-1) may be directly involved in the pharmacokinetic
properties of the API, affecting its absorption, distribution, metabolism and excrégon.

such, it is important to determirtbe drug release because, apart from describing how the

API i s released from a drug delivery systen
important as it will assist in determining the environment that the API will be subject&d to.
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The drug release profile may subsequently help with determining the bioavailability,

therapeutic dose and toxic levels associated with administration of pharmaceuticals.

Adapted from>817®

Surface erosion of the phospholipid
bilayer

Degradation/bulk erosion or hydrolysis e
of phospholipid bilayer

Ethosomes

 Phospholipid 1y
molecule Al T {

‘Water

Diffusion of water through pores, swelling due
to water uptake and induction of new pores

Diffusion of API through phospholipid
bilayer into bulk medium

Figure 4.11-1: A diagrammatical representation of the possible mechanisms

drug release of ethosomes.

Factors affecting the drug release may beréselt of vaious phenomena and mechanisms
such as dissolutiorgiffusion, osmdcally driven release androsion.’>> Generally, these
mechanisms occur simultaneously with one mechanism being most predominant. When
evaluating spherical nanesicles, it was found thahe release was dependent on the
location of the AP eitherembedded witin the polymer matrix, adsorbed ontothe surfae,

or located within the core® For lipid based nanoparticles such as ethosomes, it was found
that the behaviour of the polymer system is onthefmosinfluential factors in determining

the drug releas@he reversible nature of the dragrrier interaction allows for encapsulated
API to bereleasedin a controlled or sustained manfiet>® Other factors may include:
physicochental properties bthe API, the properties of the release medium and excipients in
the formulation.The impact of these factors may be regulated by altering the drug solubility,

excipient composition and nasstructure, all of which influence the drug release protite.
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4.12. Mathematical models of drug release

Mathematical models are research tools which predict the release of APIs from a variety of
dosage forms and drug delivery systefitsese guations can be used to design new systems
by selecting the geometry, method of formulation and particle Establshed mathematical
modelscan be applied tdrug releaselata sets where the mechanism of drug release can be
determinedby comparison of plot¥’ For most models, it is essential that the data is plotted
as the cumulative percentage drug release over bmeg release can be classified into four
main categories eachinfluenced by the magnitude of the initial burst release &ed t

subsequent release kinetf@s:

High initial burst Low initial burst High initial burst Low initial burst
release release release release
+ + + +
Minor additional Minor additional Steadystate Steadystate
release release release release

With knowledge of the core parameters influencing kimetics mathematical models may
predict the mechanism of drug release from a variety of @ofagns and drug delivery

systemsAs such, the most commbfimodels were identifiednd tabulatedTable 4.12-1).

Table 4.121: Mathematical models and theirassociated release mechanisms

MODEL MATHEMATICAL EQUATION RELEASE MECHANISM
Zero order 0 6 Uvo Diffusion Mechanism
First order N Fick s first |
& Qi E0Q LAC® MO _
Mechanism
Higuchi Model . o Diffusion medium based
0 OcAO00i0idprx ) )
Mechani sm in F
Korsemeyer- Lo L Semi empirical model, diffusiol
0 #ow VO .
Peppas Model based mechanism
Hixsoni
o’ 607 0O o Erosion release mechanism

Crowell Model

Weibull Model o Y Empirical model ,lifetime
# #n p7 AOD—— o .
() distribution function
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Each mathematical model is influenced by a fixed set of assumptions regarding the factors
influencing the drug release. Such assumptions may include: The drug release is independent
of its concentration (Zerorder), diffusion occurs only in one dimension (Higuchi),
Dissdution of the polymer matrix (K@emeyeiPeppas)drug particles are uniform in size

and diminish during dissolution (Hixe@rowell), and the intrinsic dissolution of theudris

not considered (Weibull® Therefore, onsideration of the physiological parameters is
important as they influence which models should be applied and, supplemented by scientific
literature, reduces th@robability of making arbitrary comparison§he most suitable
mathematicalmodel may be selected by comparing the respecijested correlation
coeffiecients R adjusted, the mean square error (MSE), the standard deviation of residuals
(Sy.x), Akaike Information Criterion (AIC), and the Model Selection CriterifMSE) to

determine goodness of. fit’

Ethosomedave a variety of drug release mechanisms, often influenced by the components

and their respective coactrations used itheir respective formulations.
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Chapter 5 Materials and methods

5. Introduction

In this chapter, the materials and methodology used to synthesize the ethasonedksas

the analytical techniques used to study the ethosomes are outlined.

5.1.Identification of betamethasone valerate, hydrocortisone acetate and
cholesteroPure fetamethasone valerate (BMV), hydrocortisone acetate (HCA) and

cholesterol were identified usirtge British Pharmacopoeid009 (BP) identification assays
and were compared with reference standards in their respective mondgreipasnalytical
tests chosen to evaluatiee compounds were differential scanning calorimetry (DSC) and
Fourier tansform infrared spectroscopyT-IR). Using DSC, acompound wasccepted on
the conditionthat the melting point was within +2C of the assay, witlthe absence of
endothermigeaks indicating impuritiesprior to thecharacteristienelting point In order for
acceptable identification to be masing FTIR the relative peak intensities and frequencies
within their respective fingerprint regioren the experimental spectrogramad tomatch

those inBP reference standards.
5.2. Preparation of unloadedethosomes

The conventionatold method (CM) and hot @thod (HM)for the preparation of classical
ethosomes, as described by Touiv@l, 2003with slight modifications were uséd

5.2.1. Cold Method

Figure 5.2.2-1 illustrates the CM and HM. For the CMnloadedethosomes were prepared at
room temperature26 °C). All compounds were weighed using an analytical balance (Mettler
USA) An organic phase (3 ml) and an aqueous ptiasd) were prepared in two separate 20
ml polytop vials.The volumes were measured using 5 ml and 10 ml disposable syiihges.
organt phase consisted of 0.05 ¢llSoy phosphatidylcholine (PC) (> 95 % purity) (Avanti
® polar lipids Inc USA) and 3 ml 99.9 % ethan(erck, South Africg. These were mixed
using a magnetic stirret&bcon, USA)at 1500 rpm for 1@in until a clear solutin formed.
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Aqueous phase Cold method:

é%; ”\é ' 25°C

—
Crude ethosomal Analyses:
suspension Dynamic light
scattering and
zeta meter

Magnetic stirrer Magnetic stirrer

(1500rpm) (1500rpm)

Key: PC — phosphotidvicholine, EtOH —ethanol, H,O - water

Aqueous phase Hot method:
& 40 °C
N |

Magnetic stirrer Magnetic stirrer

(ISOOEm) (ISOOEm)

Crude ethosomal
suspension

Figure 5.2.2:1: An overview of the hot and cold method used for ethosome synthesis.

The organic phase formed the base of the suspension. The agueous phase, consisting of 7 ml
MilliQ® water (H,0), was transferred to a 10 ml syringe fitted with a mioeedle. It was

then slowly injected (drovise) into the organic phase to form @lloidal suspension
consisting of 30 %v/v organic phase and 70 ¥v aqueous phase. The duration of mixing

uponthe addition othe aqueous phasetil completion was 15 mih.
5.2.2. Hot Method

Similar to theCM, theHM (Figure 5.2.2-1) involved the preparation of an organic phase and
an aqueouphase using the same excipientbe volumes and masses tbe components
were maintained, with the main difference being the temperature of the system during
preparationUsing amagnetic stirrer with a hot plaset at40 °C, both the organic and the
agqueous phases were prepared. The temperature was monitored tesimgeeaturegprobe

and was maintained to £&. The organic phase consisted of pure ethanol which was heated
in asealed polytopvial, whereas the aqueous phase consisted aigffersedn H,O heated

in a separate sealed polytaigl.

The aqueous phase, consisting of 7 rOH PC(40 °C), formed the base of the suspension.
The organic phasg ml Ethanol(40 °C) was transferred to a 5 ml syringe fitted with a micro

needle.The organic phaseas slowly injected (drop wisénto the aqueougphaseto form a

64



Chapter 5 Materials and methods

colloidal suspension consisting of 30 % organic phaseand 70 %v/v aqueous phase. The
duration of mixingfrom the addition ofethanoluntil completion was 15 mimusing the

magnetic stirref”
5.2.3. Preparation of corticosteroid loaded ethosomes

Hydrocortisone acetate (HCA) and betamethasone valerate (BWBrg selected for
ethosome encapsulation tviboth havingpoor aqueous solubility. As such, these compounds
were dissolved in the organic phase. 0.01 gaxthwas dissolved in 3 ml of ethandlhis
wasachievedor both theaforementionetHM and CM.(Table 5.2.31)

Table 5.2.31: Ethosome formulations containing BMV and HCA

METHOD PC (g) BMV (g) HCA (g) Ezrr;a:;o' H,O (mL)
50 N/A 3 7
HM 50 0.01 3 7
50 0.01 3 7
50 N/A 3 7
CM 50 0.01 3 7
50 0.01 3 7

All the ethosomes resulting from the HM and CM, at this stage, are referred to as crude

ethosomes as no further processing was done.
5.3. Comminution of ethosomes

To determine the best method for particle size reduction, 2 methods were used and compared:
extrusion and sonicatiorfFigure 5.3-1). Ethosomes resulting fronTable 5.2.31were

sonicated or extruded using the following methods
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Sonication

Ethosomal
colloidal

suspension
n B Analyses:
- Dynamic light
M T scattering and
2 g \‘ /\ M /\ /\ \ zeta meter y
5z i 7 7 / y,
&g VARV AV VAV . /
Crude ethosomal v /
suspension -
Bath Sonicator
—

Extrusion

Sonicated Extruded
ethosomes ethosomes

Mini extruder
Ethosomal

colloidal
Crude ethosomal suspension

suspension

Figure 5.3-1: An overview of the comminution methods utilised in ethosome synthesi:

5.3.1. Sonication

For particle size reductiotthe crudeethosomal suspensio

in the 20 ml polytop vialprepared viaCM, was subjected

to water bath sonication using an usenic bath
(Labotec, South Africa) at high frequency, 25 for 1
cycle of5 min. Thecrudeethosomal suspension prepared
via the HM method was subjected to the same conditions

with the only differencdeing in the change in temperature

which was set at 4%C.

5.3.2. Extrusion

Smaller vesicles were obtained by extrudingrude
ethosomegprepared using HM and CM)sing adesktop
mini extruder (Avanti Polar Lipids, Inc., USAfor
ethosomes generated from t68&1, 1 ml of sample was
extruded at room temperature using 1 ml Ham#tajlass
syringes. The sample was passed throughurd.l

Whatmann polycarbonate membrane$ times. The
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extruded sample wasatisferred into 1.5 ml Eppend@rftubes for purification For
ethasomes generated from thiM, the extruder was placed on a hot plate set 8&C40he
temperature was monitored using a mercury thermontexemusion was done manually and
care was taken to keep the pressarine syringes loaded with crude ethosomal formulations

asconsistent as humanly possiblaring the extrusion process.

5.4. Purification

Analyses:
= Scanning electron
microscopy
— — = Fourier-transform
| — — infrared spectroscopy
* Hot stage microscopy
= Thermogravimetric
‘. ‘I ‘ ‘ | analysis
e’ v’ = Differential scanning
| == calorimetry

Washing )
==

Comminuted !

ethosomes

77 1 T 1] ™ T
| ‘ | | ‘ Store in desiccator
il | — > ~

Remove Centrifugal drying
Centrifugation supernatant

Analyses:
= High performance
Centrifuged and filtered liquid

into HPLC vials chromatography

i B

Resuspend/lyse ethosomes

Figure 5.4-1: An overview of the purification and isolaion methods wsed in this study

In orderto isolate the ethosome® methods weremployed centrifugation anaentrifugal
drying (Figure 21). The ethosomes resulting from these methods vesespended in the
same solvent system as used in the preparatatysed andvaluated according to the
following parametersddD, Pdlande p
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5.4.1. Centrifugation

‘ Centrifugation was used to separate ethosomes from the
/ raw materials This was an important step to ensure that

; . : f subsequent analyses regarding ethosomal characterisation
i were accurate, especially those analyses regarding
i = quantification of the APl in loaded ethosomesThe

== comminuted samples prepared WM and CM were

i centrifuged using an. Eppenddrentrifuge Eppenarf®,
USA) at 20817 rcf (140@rpm) for 2 hours at%. Once

the run had completedhe supernatant was removed using disposable syringes fitted with

hypodermic needles (AvantiJ he pellet was resuspended in the same solvent system used in
synthesis and washed again. For loaded ethosomes, the supernatantigematesf (68 °C)
in the Eppendor® tubes forfurther analysis using HPLC to quantify the amount of API in

the supernatant.
5.4.2. Centrifugal drying

Ethosomes were dried to allow for solid state
characterisation where thermal events corresponding to
molecularinteractions and encapsulation were identified.
Ethosomalpelless, stored after centrifugatiooontaining
residual moisturewere resuspendedo 1.5 ml usingthe
same solvent system as used inkHé and CMsynthesis.
Samples were dried for -& hours usinga MiVac

Centrifugal drier (United Scientific) with a vacuum pump
(DUP-230506L00) and speed trapAST-2305GL00). The MiVac was set to remove,@ and
ethanol at a temperature of 40. Dried samples were stored in @desiccatorat room

temperature, away frowtirect sunlight.
5.5. Analysis and characterisation

At designated stageshet ethosomesynthesised usinghe HM and CMmethods were
analysed and evaluated according to the following paramétdis; Pdl andg pApart from
the nanerange being essential, tHedl indicated the homogeneity of the particle size

distribution These served as the core parameters regarding this study as particle size
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influences topical delivery. The provided an indication of the stability of the ethosomes in
suspension. Howeverl|tlaough useful regardastability, optimisation of ethosonsability
was not an objective for this study. As such, ethosomes were analithed 72 hours of

manufacture.
5.5.1. Hydrodynamic Diameter and Polydispersity Index

The HdD andPdl was measured to determine if the
prepared ethosomes were of suitable izeopical drug
delivery. In order to determine théidD and Pdl
suspended ethosome&re measured using dynamic light
scattering (DLS) on a Nano ZS 90 Zetasizer (Malvern
Instruments kd., U.K.) with the 4 mW HiNe laser
operating at a wavelength of 633 nm. The HdD of the

synthesized ethosomes was measured & 25M) and

4CHM) using DLS at an angle of 90e to the |
colloidal suspension wasdded to a disposable plastic cuvet#ERNO0118). The material

analysed waset as polystyrene latex, withrefractive index of 1.590 and an absorbance of

0.010. The dispersant analysed wader, with a viscosity of 0.883P and a refractive index

of 1.330at a temperature of 26 (equilibration time 120 seconds). The measurement angle

was 90° with a measuremendluration of5 runs:60 seconds/run, 3 measurements, 0 delay
between measurement3he zaverage diameter and the polydispersity index of the
ethosones were automatically generated by the instrument using cumulative analysis with
software loadedon to the instrument.All readings were performed in triplicate using

independently prepared samples
5.5.2. Zeta-potential

The ¢ pf ethosomal colloidal suspens®was determined to evaluate the stability of the
colloidal ethosomal systelyy measuring the surface charge of colloidal parti@espended
ethosoms samples wex prepared by resuspension of the ethosome pellet after purification.
Samples weremeasuredusing a laser Doppler anemometer coupled to the Nano ZS 90
Zetasizer (Milvern Instruments Ltd.U.K.). For ¢ pcharacterization, a disposable folded
capillary cell (DTS1070) was flushed witlilliQ ® water using a 1 mL syringe prior to

analyses as recommemdle by t he manuf ac suspengled ethosothess 0 0 ¢ L
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added to the cell. The samples were then analysed with a voltage of 4 mV at 25°C at an angle
of 173° to the laser bearhhe intensityweighted mean value was measured and the average
of three 15cycle measurements was tak@er sample All readings were performed in

triplicate using independently prepared samples
5.6. High performance liquid chromatography

High Performance Liquid ChromatographyRLC) was usedquantitatively to determine,
encapsulation efficiency (EE), drug loading (DL) and drug release gbleaded ethosomes.

In order to quantify the encapsulated corticosteroids, it was important to ensure that a reliable
method, suitable to the componentstite HPLC system was used. Since both BMV and
HCA are known compounds, their HPLC methods have been developed and are published in

literature. The methods were obtained from the BP 2009 and were mddified.
5.6.1. Preparation of the standard solutions for calibration

The HCA and BMV standard samples were prepared by dissolving 10 mg of each respective
API in 10 ml HO:ethanol (30:70). This solvent was chosen as it represented the same
conditions of the APIsolvent systemUsing a magnetic stirrer (Labcon, USA), the standard
sdution was agitated at 1500 rpm for 30 min forming a clear solution. 3 ml of the standard
sample solution was retrieved using a 5 ml Avicare disposablggsyand was filtered using

a 0.22 um filter. After filtering 2 ml of the standard solution, 1 ml viu@sferred into an
HPLC vial. The final concentrations of the standard solutions were 1 mg/ml, which is
identical to the concentrations of theepared ethosomal formulations. Thebile phase was
prepared using acetonitrile (ACN) and® Using isocrat elution, the mobile phase was set

at 60:40 % (ACN:HO). The ACN was HPLC grade (Sigmddrich) and the HO was
collected from thewater purification systenfPurite, USA)available at UWC School of

Pharmacy.
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5.6.2. HPLC chromatographic conditions

~ - HPLC analysis was conducted usingn (Azura,
Germany) HPLC system coupled with ClarityChrom®
-. software. The system consisted of an auto sampler (AS
e ——

LY

6.1 L), a quaternary pump (P 6.1 L), a thermostatted
column compartment (CT 2.1) and a diode array detector
(DAD 2.1 L). A Phenomenex Luna 5 pm C18 (2) 100 A

column was used and the flow rate was set to 1 mL per

minute with the column temperature being maintained at

20 AC. The injection volume was set at 1 el
detection wavelegth was changed from 254 nm to 240 nm. PDA detection was used to
identify an optimal wavelength for the detection of the APIs. An increased amount of analyte

was detected at 240 nm. The optimised method was validatedthsifigernational Council

on Harnonisation (ICH) guideline® ensure reliability of result$®

5.7.HPLC method validation

To ensure that the methods were suitable for BMV and HCA analysis using the HPLC
system, the methsdwerevalidated using ICH guidelines using thelldwing analytical
parameters:ecificity, repeatability, linearityaccuracyprecision limit of detection, limitof

quantification andobustness®
5.7.1. Specificity

Specificity expressethe extent to which other substances interfere with the determination of

a substance according to a given procedtlr€o determine the specificityf the methodor

BMV and HCA HPLC analysis was performed using an aliquotthed prepared stock
solutions An HPLC vial containingl ml of the mobile phasé&CN:H,O (60:40) wasalso
prepared and analysed. These analyses were conducted to determine if there are any
overlapping peaks, i.e. analytes eluting with an identical retention time as that of the APIs,
which may have influencetie amount of API analyte detected using thetimod.
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5.7.2. Repeatability

Repeatability expresses the closeness of the reshtmned with the same sample (or
subsamples of the same sample) using the same measurement procedure, same operators,
same measuring system, same operating conditions and sanenlovatr a short period of

time*° To determine repeatabilitgMV and HCA wereanalysed 6 times at the theoretical

100% (1 mg/ml) value.

5.7.3. Linearity

Linearity may be defined as the methodébés at
proportional to the concentration of analyte in the sartffl€o determine linearitystandard

solutionsof the same concentratiavere injected into the system by changing the injection

volume from 0.1, 0.2, 0.5, 1, 2.5 andub. Each concentration was injected twiegth the

theoretical 100% concentration injected six timesar8ples were analysed using the
aforementioned HPLC method. The mearea % of the peaks dhined for each
concentration wasused to construct a calibration curve displaying absorbance vs
concentration foBMV and HCA.

5.7.4. Accuracy

The accuracy may be defined the degree of agreement between the experimental value,
obtained by replicate measuremefifsThe accuracy was determined malculating the
percentage recovery of thieeoreticall00 % concentration which was injected 6 times. The

individual sample anchean % recovery was determined using the following equation
N o
YQwe 0PQI ga— p T

Equation 4: Percentage recovery
Where: Miknown is the mass of the analyte contained in the sample

Mcalculated the amount of analyte calculated using the calibration curve
The accuracy of the method was determined by plecentage difference of the mean

measurements.
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5.7.5. Intermediate Precision

Precision is the measure of the degree of repeatability of an analytical method under normal
operation*®® Three concentrations of the API within the calibration range were used, and the
precisbn was detenined by interday precision wver a geriod of three consecutive dayshe
average values, standard deviation and % relative standard deviation (RSD) were compared

to determine the inteday precision.
5.7.6. Limit of detection and limit of quantification

The limt of detection (LOD) was used to determine the lowest amount of analyte that could
be detected accurately using the method parameters. The limit of quantification (LOQ) was
used to determine the lowest amount of analyte that could be quantified accusatglyhe
method parameters. LOD and LOQ were determursaalg the following equations:

Equation 5: Limit of detection

PTl

<

Equation 6: Limit of quantification

Where: 0 = S tdaviatibaf the response

and S = the slope of the calibration curve

BMV and HCA were quantified using the linearity curves constructed for each respective

analyte.
5.7.7. Robustness

The robustness of the method was determined by deliberately changing the wavelength of
detection of the analyte. The Azura Knauer HPLC system was fitted with a PDA detector
which scanned a series of wavelengths ranging from-1I810 nm. BMV and HCA were
analysed at both 254 and 240 nm andriean area %nd SDof the peaks obtained for each

APl was determined.
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5.8. Percentage vyield

The percentage vyield is expressed as the % of nanoparticles recovered after formulation. To
determine the percentage yield, the mass of the empty Eppendorf® centrifuge tube was
weighed: before introduction of the prepared ethosomes, and after dryingmphe \eals
and the vials containing the dried samples were determined using an electronic balance. The
mass of the ethosomes was determined by mass difference using the following formula:
D QiéiMi Q@& MDD £ aQh Oi&MNGH DQE 01 "DVERQ
D Qi&iBLOaMieid QuQn TR TA 6 ado QE &

Equation 7: Percentage yield
5.9. Determination of drug loading

Drug loading (DL) is an expression thie % of API in the formulation relative to the amount
of excipients. To determine the DL, the mass of API within the ethosomes was determined.
To achieve this, the prepared freeze dried ethosomes were lysed using 1éihmhof The
sample was sonicatefor 15 min to disrupt the phospholipmlayer of the ethosome3he
sample was centrifuged for 15 min at 15 000 rpm and filtered using 0.45 pm+itiens
into HPLC vials HPLC was usedo determine the area % of the analytéch was translated
into a mass usinghe corrdation curve (determined usingéarity). The DL was determined
using the following equation:
GOIEQOHN TBOET GOa0o Q&
G RiEB6 QwoonaOemaE | aoanbd Bl

Equation 8: Drug loading
5.10. Determination of encapsulation efficiency

The encapsulation efficiency (EE) is the expression of the % efficacy of the encapsulation
process. This percentage indicates how efficient the method isagisereting the API used

in the formulation. To determine the EE, the prepared ethosomes in suspension, after
comminution, were centrifuged afG for 2 cycles of 1 hour and 1 ml of supernatant was
removed for HPLC analysis. After 2 cycles of washing followeccégtrifugal drying the

dried ethosomes were lysed using 1.5 m¢tblanol The sample was sonicated for 15 min to

disrupt the phospholidibilayer of the ethosome$he sonicatedsample was centrifugefor
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15 min at 15 000 rpm anfiltered using the 0.45 pum micHilters into HPLC vials.The
sample was analysed using HPLC to determine the concentration using the standard linearity
curves.The EE was determined using the following equation:
ARIEOIMAO QI GOREEWE QG Oi Qi
GOIEO0H Wi Wi ¢ aBWOIEOQOVE 67 Q1 & d’)%

T
weE o

Equation 9: Encapsulation efficiency
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2
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Water

&) pm

Stirrer plate ———

Figure 5.101: A summary of the experimental setup for drug release determinatio

from corticosteroid loaded ethosomes using Franz diffusion cells.
5.11. In-vitro drug release of ethosomes

Ethosomes loaded with HCA and BMV were subjectednteitro drug releasdesting to
determine the percentage of encapsulated drug that was released over time. Resuspended
ethosomes were fractioned into 1.5 ml sets falyens. For the drug release assay, ethosomes
from the same batch used for determinieg and DL were used0.2 ml of the 1.5 ml
fractioned ethosomal suspensiorere placed into the donor compartment & @l vertical

Franz diffusion cellPhosphate budfred solution (PBS) at a pH of 7.4 served as the receptor
medium and was filled to a volume D8 ml in the receptor compartment. Although the skin

has a pH of 55, the drug release of topical drug delivery systems have been investigated at
this pH. Ths is because of the pH of blood, which is at a pH of 7.4. Assuming that
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transdermal permeation was achieved, the APl would be subjected to this pH environment in
the vasculature of the dermis. The Franz diffusion celttaining a 0.45um polymer
membranepre-soaked in receptor mediumas placed in a muistirrer water bath with
temperature set to 30.5 °C. The stirring rate was set to 200 rpm and the experiment was
conducted for 36 hours. At predetermintde intervals (1, 2, 3, 4, Bours) 1.8 ml was
retrieved from the receptor compartment using a 5 ml graduated syringe and was transferred
into an 2 ml Eppendc&f tube (Figure 5.121). The receptor compartment was replenished
with 1.8 ml fresh receptor mediunThe Eppendof® tube was the centrifuged at room
temperature for 15 mimat 14 000 rpm. Thesupernatantwvas filtered through a 0.2@m

syringe filter and transferred into an HPLC vial for HPLC analysis. The API was quantified

using the validated linearity curvesnstrucédfor BMV and HCA.
5.11.1.Mechanism of release

The mechanism of release is important in understanding how the API will be raleased

Various models have mathematical models have been developed to depict drug release, each
with their own specific parametgemfluencing drug release and limitations. To determine the
most probable mechanism of drug release, a cumulative % release curve was plotted after
quantifying the API using HPLC. The curve for each respective formulation was plotted
against amathematicemodel and the highest?Ralue was used to determine the best fit
model.DDSolver 1.0 software was used for the linear regression andlygisest fit model

was then analysed using its own set of criteria.
5.12. Scanning electron microscopy

Particle size malysis, vesicle morphology amehcapsulation of the APIs lnadedethosomes

were verified usingscanning electron microscop$EM). Dried ethosomes were placed on
carbon adhesive tape applied on an aluminium stub, and thereafter dried completely under a
fume hood. The dried sample was coated with gold palladium for 30 sec using an Emitech
K550X (England) sputter coater and viewed with the Auriga$HM F50 (Zeiss, South
Africa) with a voltage of 5 KV.
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5.13. Fourier-transform infrared spectroscopy

Encapsulation of the APIwithin loadedethosomes was
verified and possible molecular interactions were
identifiedusingFTIR. FTIR spectra were obtained using a
Perkin Elmer Spectrum 400 FTIR/NIR (Perkin Elmer,
USA) fitted with a diamond attenuated totedflectance
(ATR) crystal The instrument was programmed and

spectrograms were collected usifpectrum® software

version 6.3.5for sample analysis. Samples were scanned
in the spectral region of 4000 to 650 &\ small amount ofdried sample (~1 mg) as
placed on the crystal angressure was applied to 60 %. The sample was scanned at 2
cnP/sec 4 times at a resolution of 4 @fsec.The average of three scans was plotted as a
spectrogram showing percentage transmittance recorded against frequensgctrograms
were interpreted to determine functional groups associated with characteristicGizantges

in the characteristic bands of tlencapsulated APsuch as disappearance, broadening,
variations in peak intensity or shifts in wave numdeapportedcompound identification and

nanoparticle formation.

5.14. Hot stage microscopy

Dried CM unloaded and GC loaded ethosomes were
analysed using hot stage microscdipySM) to observe

any changes in the melting profile compared to the pure
standards and to identifencapsulation of APIs. HSM
cover slips were prepared by placing a drop of silicone oil
on a cover slip. A dissecting needle was used to transfer a

small amount of sample into the silicone oil on the cover

slip which was then covered with a second colipr $he
prepare cover slip was transferréd the hot stage (Linka® THMS600 temperature control
stage) which was connected to a link pad (T95 Linigp&ystem Controller). The link pad

was used to control the heating rate f0@min) and temperature li{250 °C) for HSM
analysis. The hot stage was connected to an Olympus SZX7 stereoscopic microscope
connected t@n Olympus UC30 video camera, where samples under thermal stress could be

viewed by the operator. The sample was focused accordingly. Stresantigksoftware®
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was used to capture and save the images which were taken at 10 min intsinglthe time
stack function offered by the softwafer the duration of the run. To ensure the accuracy of

the analysis, all the measurements were runpfidate (=3).
5.15. Thermogravimetric analysis

Thermogravimetric analysis (TGA) was used to identify
the changes in thermal stability. This analytical tool was
used in conjunction with the qualitative data generated
from HSM to quantify the thermal events saloved in
terms of the effect of the % mass of the sample. As with
HSM, the pure components were first analysed and were

used as a reference ftre unloaded ethosome and GC

loaded ethosome compswn. Samples from the same
batch used in HSM preparation were analysed using a Perkin Elmer thermogravimetric
analyserTGA 4000(Waltham USA) with the flow rate of nitrogen gas at 20 ml/min. To
prepare the sample for analysis, an empty porcelain crusdietarred to zero the balance.
Once stable, sample was transferred to the crucible and the weight of the sample was
recorded. Samples were analysed over a temperature range fioB®30C at an increasing
temperature rate of 10 °C/miData were collged and analysed usilyy r iscftiare.The
instrument was calibrated using three different references: alumel (m.p =°154.Rerk

alloy (m.p =596 °C) and iron (m.p =780 °C) at 1 and 2 °C/min.

5.16. Differential scanning calorimetry

Encapsulation of the RIs in the ethosomes wasrified
usingdifferential scanning calorimetfDSC). To prepare

a sample for analysisnaluminium DSC pan and lid was
placed on a zeroed analytical balance and it was tarred. ~1
1.5 mg of sample was transferred to the DSC goath the
exact mass was recorded. The loaded pan was hematically

sealed using a punch and a small hole was punched in the

lid using a needleTo conduct the experiment, Rerkin
Elmer DSG7 analyse(Waltham, USA) utilizing theP y r issftiware programwasused
The sarple was heated from 40 °C to 250 °C at 10/fth. The instrument was calibrated
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by measuring the onset temperaturethefmelting of zinc (m.p = 419.5 °C) and indium (m.p
= 156.6°C) while the heat flow was calibrated from the enthalpgnefting of indium (28.62

J/g).
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Chapter 6: Results and Discussion
Ethosomal formulatiodevelopment

6. Introduction

This chaptecompares the physical and chemical resulthefethosomegsreparedusing the

hot method (HM) and cold method (CM) with different phosphatidylcholine (PC)
concentrations. Prepared ethosomes were exposed to sonication and extrusion particle size
reductionmethods. The HM and CM ethosomes varalysedusing thermal and structural

nano characterisation techniques to determine the effect of PC concentrations sizeh
polydispersity indexzetapotential and morphology of unloaded ethosomes.

6.1. Analysis of pure components

Betamethasone valerate (BMV), hydrocortisone acetate (H@W#Qsphatidylcholine (PC)
and dolesterol (Cholyvere identified using British Pharmacopoeia (BP) identification assays
and were compared with reference standards in their respeatimegraphs$® The assays
used to evaluate the compounds weoarier traisform infrared spectroscopy (FR) where

the fingerprint region was compared to the fingerprint region founditenature, and
differential scanning calorimetry (DSC), where the melting pamd other thermal events

obtainedwerecorrelated to thaound in literature?
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6.1.1. FTIR analysis of pure compounds
FTIR analysis of BMV

The FTIR spectra for comparison is showrFigure 6.1.11, with the BMV experimental
spectrum in blue and thBMV reference standat® in black. The table correlating the
identified functional group#o their respctive wave numbers is providétable 6.1.1-1), as

well as the theoretical chemical structure annotated with the functional groups observed on
the FTIR spectrurfrigure 6.1.1:-2.
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Figure 6.1.1:1: Fourier transform infrared spectroscopy (FTIR) spectra of pure

betamethasone valerate (BMVompared toits reference spectrum.

The fingerprint regions were compared and associated peakgundtional groups were
identified and characterised using an interpretation difd€he peaks of interest in the
fingerprint region, listed iMable 6.1.12-1, showed the characteristic bands of thel Gends

at 1394.51cm’. S C-O stretches were observed1&98.02cm™, 1266.24cm?, 1244.04
cm?, 1215.46 cm®, 1179.21 cm® and 1166.15 cmi'. The frequency of the peaks
corresponding to the -O stretches may be attributed to intermolecular interactions which

altered the electromagnetic environment of th® ®onds. A strong SpC-O stretch was
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observed at 1060.1@m™*, which may be attributed to the @ bond at C 1df BMV at the

location of the esterified valeric acid ion.

Table 6.1.11. The experimental and theoretical Fourier transform infrared
spectroscopy (FTIR) spectrum frequencies analysed for betamethasone valera
(BMV) fingerprint region (<1400 cm™)

Experimental Theoretical Functional
Sample  frequency Frequency ' Intensity ~ Shape
(cm™) (cm™) group
139451 1395007 136500 A'kigié:'“ Medium
1298.02 Medium
1266.24 Medium
1244.04 ~ Medium
BMV 1350007 115000 Sptz (txh) Narrow
1215.46 stretc Medium
1179.21 Strong
1166.15 Strong
1060.12 1100007 100000  SP3CO Strong
stretch
Carboxyl C=0

sp° C-O stretch

Alcohol O-H stretch Carboxyl ester C=0

Alkene C=C stretch

Alkene C-H bend
sp® C-O stretch

Alkene C-H stretch

Alkane C-H stretch
Ketone C=0 Alkane C-H bend

Figure 6.1.22: The chemical structure of betamethasone valerate annotated wi
functional groups observed m the Fourier transform infrared spectroscopy (FTIR)

spectrum.
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FTIR analysis of HCA

The FTIR spectréor HCA is shownin Figure 6.1.2-3, with theexperimental spectrum ied
and theHCA reference standaftt in black. Theidentified functimal group relative to its
respective waveaumberis seen inTable 6.1.1-2, with an annotate@hemical structuref
HCA observed witlFigure 6.1.1-4.
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Figure 6.1.23: Fourier transform infrared spectroscopy (FTIR) spectra of pure

hydrocortisone acetatecomparedto its reference spectum.
When analysing the FTIR spectrum of HCA, the peaks of interest in the fingerprint region

showed characteristic bands of the-K bends at1393.99 and 1361.16cm™. Sg C-O
stretches were observedl®97.68cm*, 1268.96cm™*, 1238.05cmit, 1216¢cmi?, 1178.74cm

! and 1107.18cm™. Similar to the bands observed in BMV, the frequency of the peaks
corresponding to the -O stretches may be attuted to intermolecular and intreolecular
interactions which altered the electromagnetic environment of {@eb©nds. This feature
was expected as they are similar in structure. A strong narrd@-Spstretch was observed

at 1087.32m*, which may be attributed to the@ bond at C 21, of HCA at the location of

the esterified acetic acid ion.
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Table 6.1.12: The experimental and theoretical Fourier transform infrared
spectroscopy (FTIR) spectrum frequencies analysed for hydrocortisone acetat
(HCA) fingerprint region (<1400 cm’™)

Experimental Theoretical Functional
Sample  frequency Frequency'®® Intensity ~ Shape
1 1 group
(cm™) (cm™)
1393.99 Medium
139500 136500,  ~W@ne CH
1361.16 Medium
1297.68 Medium
1268.96 Medium
HCA 1238.05 Medium  Narrow
1350007 115000 sp2 GO stretch
1216 Medium
1178.74 Strong
1107.18 Strong

1087.32 1100007 100000 sp3 GOstretch  Strong

sp® C-O stretch arboxyl ester C=0

Alcohol O-H stretch

p” C-O stretch
Ketone C=0

\ Alkane C-H stretch
Alkene C-H bend” Alkane C-H bend

Alkene C-H bend
Alkene C=C stretch

Figure 6.1.2:4: The chemical structure of hydrocortisone acetate (HCA
annotated with functional groups observed on thd-ourier transform infrared
spectroscopy(FTIR ) spectrum.
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FTIR analysis of PC

The FTIR spectréor PC is shown ifrigure 6.1.15, with theexperimental spectrum green
and theHCA reference standaltt in black. Table 6.1.1-3 correlaesthe identified functional
groups to their respective wave numbargl the annotatedhemical structurés givenin
Figure 6.1.1-6.
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Figure 6.11-5: Fourier transform infrared spectroscopy (FTIR) spectra of pure

phosphatidylcholine compared to its reference spectrum.

The FTIR spectrum of PC displayed significant peaks of interest in the fingerprint region
listed inTable 6.1.1-3. The characteristialkane GH bend were identified at377.95cm™.

Spf C-O stretches were observedl®51.89cm* and1171.3 cmi’. Strong narrow stretches
were observed a@090.53cm* and 1054.® cm*, which may be attributed to the@® bond

of the phosphate group or the 35p-O bond at the ester. Theolar regions of the
aforementionedfunctional groups displayed inFigure 6.1.26 may be sites of weak

molecular interactions within formulated ethosomes.
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Table 6.1.13: The experimental and theoretical Fourier transform infrared
spectroscopy (FTIR) spectrum frequencies analged for phosphatidylcholine (PC)
fingerprint region (<1400 cm™)

Experimental Theoretical Functional
Sample  frequency Frequency'®® ol Intensity ~ Shape
(cm™) (cm™) group
Alkane GH
1377.95 1395007 136500 Weak
bend
1251.89 Medium
PC 13500071 115000 Csp20 stretch _ Sharp
1171.3 Medium

1090.53 1100007 100000 Csp30 stretch  Strong
1054.® 1100.00- 100000 Csp30 stretch  Strong

sp* C-O stretch
Alkane C-H stretch Carboxyl ester C=0 sp° C-O stretch

Alkane C-H bend Alkene C-H stretch  Alkane C-H bend

Alkene C=C stretch

Figure 6.1.1:6: The chemical structure of phosphatidylcholine (PC) annotated witl
functional groups observed on theFourier transform infrared spectroscopy (FTIR)

spectrum
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FTIR analysis of Cholesterol

The FTIR spectr&holis shown inFigure 6.1.17. The experimental spectrum wrangeand

the HCA reference standaftt in blackwere compared for purityThe table correlating the
identified functional groups to their re=sgive wave numbers is providedTable 6.1.1-4, as

well as the chemical structure annotated with the functional groups observed on the FTIR

spectrunfFigure 6.1.18.

Exper i me
Chesfter

Chesteebeér

standar

50

TRAMSHITTANCE %1

o

o T
4000 3000

T T T T
2000 1500 1000

HAVENMURABER! -1l

Figure 6.1.1-7: Fourier transform infrared spectroscopy (FTIR) spectra of pure

cholesterol compared to itgeference spectum.

The FTIR spectrum focholesteroldisplayed a characteristalkane GH bendidentified at
1377.33cm™ and an SpC-O stretch was observed #236.D cm™ Although cholesterol
contains a similar carbon scaffold to the corticosteroids, it was noted that the fingerprint
region of the spectrum displayed less FTIR activity. This may be due tbskace of esters
andthe presence diewer oxygen containing futional groupsoxygen resulting in fewer
intermolecular dipole interactions within the cholesterol molecules, as well as the abundant
C-C interactions which are not diagnostically relevant in FTIR spectra. A strong nar@w C

stretch, which may be attrited to the primary alcohol, was observed@50.® cm™.
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infrared

spectroscopy (FTIR) spectrum frequencies analysed for cholesterdl Singerprint

region (<1400cm™)

Sample Experimental Theoretical Functional Intensity Shape
frequency Frequency*® group
(cm) (cm)
Alkane GH .
1377.33 1395- 1365 medium
bend
sp2 GO
Cholesterol  1236.D 1350- 1150 Strong Narrow
stretch
sp3 GO
1050.® 1100- 1000 Strong
stretch

sp° C-O stretch

Alcohol O-H stretch

Alkane C-H stretch

Alkane C-H bend

Alkene C-H stretch
Alkene C-H bend

sp? C-O stretch ~ Alkene C=C stretch

Figure 6.1.1:8: The chemical structure of cholesterol annotatedwith functional

groups observed on thd-ourier transform infrared spectroscopy (FTIR) spectrum
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6.1.2. DSC Analysis of pure components
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Figure 6.1.21: Differential scanning calorimetry (DSC) thermograms of
hydrocortisone acetate (HCA), betamethasone valerate (BMV), phosphatidylcholi
(PC) and cholesterol.
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According to therespectiveBP monograp$l®, thetheoreticalmelting points of BMV,HCA
and cholesterdbk about 196C, 222- 225°C and 148°C respectively® PC is an amorphous
semisolid which does not have a theoretical melting point. The DSC thermodfaimse
6.1.21) show that there are no impurities at temperatures lower than the theoretibad mel
points.BMV, HCA and Chol displayed endwrmic peaksit and 195.31 198.12°C, 221.21
I 226.44°C and 148.96- 151.30 °C respectively. The experimental endothermic peaks
corresponded to theeoreticaimelting pointsdentifiedin literature.

Using the fingerprint region of the FTIR spectra, the pure components showed a fingerprint
match with differences in intensity. The difference in intensity was attributed to the
difference in the techniques used as the references in literature were pdrisimg a KBr

plate, whereas the pure components were analysed using a FTIR coupled with an ATR
crystal. The pressure in the force gauges of the respective techniques may have differed. The
reference also did not quantify the amount of sample analyse@, BSomplementary
technigue was used to identify the compounds based on the characteristic melting point of
the sampleCompounds were accepted on the conditionetkgerimentaimelting point was

within +1 °C. The theoretical values were within the orsetl range of temperatures as
determined usin@ y r iSeftware. Based on these results, it was concluded that the samples

were validated fsm the suppliers.
6.2. The effect of PC concentration on ethosomes

Ethosomes were prepared using the HM and CM destm Chaptess 5.2.1 and 5.2.2
Unloadedethosomesynthesised using HM and CiMere analysetb determine the effect of
the PC concentration on ethosal hydrodynamic diameteiHdD), polydispersity indexRdI)
and zetapotential (¢ p (Table 6.2-1). To test these parametersiepared samples were
analysed usinglynamic light scatterindDLS) as described inChaptes 5.61 and 5.6.2
Ideally, the particle size for transdermal permeatiof2@ nm and &dl < 0.5indicates a
acceptablearticle size distribution. & p= £30 mV is an indication ofyood stability of an

ethosomal colloidal suspension.
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Table 6.2-1: The hydrodynamic diameter (HdD), polydispersity index (Pdl) and zeta
potential ( ¢ pf)unloaded ethosomes prepared using thelM and CM with varying
phosphatidylcholine concentrations(n=3)

Formulation PC (mgml) HdD (d.nm) Pdl 6 gmV)
HMioc 10 623.5:22.8 0.713 +1.09
CMioc 10 351.5:22.6 0.147 -1.99
HM2s ¢ 25 645.4:18.5 0.695 +1.09
CMas ¢ 25 352.5:30.0 0.227 -1.75
HMso ¢ 50 777.413.1 0.866 +1.00
CMsq ¢ 50 355.(:26.0 0.137 -1.26

HM = Hot Method, CM =Cold Method = Crude Crude = no comminution

The effect of phosphatidylcholine concentrations on the particle size ofunloaded

ethosomes

Crudeethosomes had a unimodal size distribut{Bigure 6.2-1). The unloadedethosomes
showed an increase in HdD with arcrease in PC concentration. As confirmed by similar
studies, the formation of these multilamellar vesiclesthe crude preparation have shown to
increase with an increase in PC concentratidf: The mean HdD of the ethosoméBable
6.2-1) was 623.5d.nm (HM1g) and351.5d.nm (CMyg), 645.4d.nm (HM.s) and352.5d.nm
(CMzs), 777.4d.nm(HMsp) and355d.nm (CMsp) for formulations containind0, 25 and 50

Size Distribution by Intensity

ot N F L ; —— HM 10mg
: . : : HM 25 mg
—— HM 50mg
—— CM 10mg
—— CM25mg
—— CM50mg

Intensity (Percent)
5]
(=]

Size (d.nm)

Figure 6.2-1: The size distribution of ethosomes synthesised using the hot and ¢

methods at PC concentrations of 10 mg/ml, 25 mg/ml and 50 mg/ml.
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mg PG respectivelyThe results of the CM ethosomes indicate that PC concentration had no

significant effect on the particle size.

This may have been dde the solubility of the PC in ethanol. Upon addition of the aqueous
phase, the concentration of PC in the organic phesehave been too dilute to influence the
agglomeration to form ethosomes. Perhaps increasing the concentration could have produced
ethosomes of a similar size range. Another contributing factor to the CM size similarity may
have been the controlled tematire relative to the HM. CM ethosomes remained at room
temperature throughout the process, from synthesis and during analysis. This may have

assisted in maintaining the stability of the system so that ethogemaged in suspension.

Overall, the size @erence of the ethosomes, when comparing HM is significant. Ikkhe

the formation of the ethosomes is dependent on an increased temperafi@et6uspend

the phospholipid in water. The free energy of the colloidal particles in suspemajoallow

for the ethosomes to be dispersed at a smallemgiza maintained at0 °C. When returning

to room temperature (28C), and then analysed using DLS, the ethosomay have
agglomeraté and increas# in size. The implications ofthe temperature fluctuain
complicated the synthetic process and, when analysed, produced ethosomes of a larger mean
HdD compared to their respective CM counterpaf¥ien analysed using DLS and 20,

the ethosomes have a larger (almost double) mean size. From the ethosomadsedyarmg

HM and CM, the CM produced smaller vesicles.

Regarding the effect of PC concentration on the ethosomes prepared, it was noted that the
particle size was variable for ethosomes prepared via the HM at the tested PC concentration

ranges.

The effect of phosphatidylcholine concentrations on the polydispersity index of

unloadedethosomes

The unloadedethosomes showed an increas®di with an increase in concentratioh PC

The size distribution was greater for the ethosomes synthesised using HM than using the CM.
Generally, samples withRdl < 0.1 are considerethonodisperseyhereas those with RDI

> 0.1 are considered polydispers&tor nanoparticles to be accepted according to their size
distribution, thePdl may have an acceptable polydispersity <0f0.5*" The unloaded
ethosomes had RdI of 0.713(HM1g) and0.147 (CMyg), 0.695(HMzs5) and0.227 (CM,s),
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0.866 (HMsg), and 0.137(CMsg) for formulations containinglO, 25 and 50 mg PC
respectively(Table 6.2-1).

Based on these results, it was evident thatdoncentration of the PC had no appreciable
effect on thePdl as the size distributioremained within the 0.40.5 limit for those prepared
using CM. However, HM ethosomes wepelydisperseand did nd meet the acceptance

criteria.
The effect of PC concentrations on theeta potentialof unloadedethosomes

Ethosomes synthesised using HM and CM were analysed giraftdr synthesisThe
unloadedethosomes had zetapotential ¢ pof +1.09mV (HM) and-1.99mV (CM), +1.09

mV (HM) and -1.75 mV (CM), +1.00 mV (HM), and-1.26 mV (CM) for formulations
containing 10, 25 and 50 mg PQespectivelyThe ¢ pof the unloadedethosomes was
positively and negatively charged for HM and @thosomesespectivelyRegardless of the
positive or negativeharge the stability of the ethosomes corresponding to thesangel 0

to 5 mV (Figure 6.22) suggestedswift flocculation. Although esearch has shown that
increasing the ethanolic concentratmouldimprovethe e pthe ethaol was a fixed variable
and hadherefore not chang€dThe concentration of the PC had no appreciable effect on the
g pAll of the exgerimental concentrations indicated swift flocculat{ent5 mV) regardless

of the ethosome preparation method used.

Zeta Potential Distribution
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: : : : | — HM10mg
15000001+ - - S T P - HM 25 me
: : : : i —— HM50mg
—— CM 10mg
—— CM25mg
— CM50mg

1000000

Total Counts

500000

0=

-20 -10 0 10 20

Apparent Zeta Potential (mV)

Figure 6.2-2: The zeta-potential of crude ethosomes synthesised using the hot ¢
cold methods at phosphatidylcholine PC) concentrations of 10 mg/ml, 25 mg/n
and 50 mg/ml.
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6.3. The effect of ®nication and extrusion onunloaded ethosomes

To test the effect of sonication and extrusion on the HRilDandg f ethosomes, 50 Myl

PC wastaken as the standaocdncentrationAlthough it showed an increase in particle size

for the HM ethosomes, PC concentration did not affect the ethosomal properties analysed at
this stageunder the evaluated criterieinloadedethosomes were prepared viee tHM and

CM methods describeid Chapter 5(5.2.1 and 52.2)and 10 ml samples were subjected to
either sonication or extrusion as describedGhapter 5 (5.31 and 53.2). Unloaded
ethosomesvere analysetb determine the effect @omminutionon ethosmal HdD, Pdl and

¢ {Table 15). Prepared samples were analysed using DLS as descrilpter 5(5.5.1

and 5.52).

Table 6.3-1: The hydrodynamic diameter (HdD), polydispersity index Pdl) and zeta
potential ( ¢ pf)crude, sonicated and extrudedethosomes prepared using théot and
cold methods(n=3)

FORMULATION COMMINUTION HdD (d.nm) Pdl ° P
METHOD (mV)

HM ¢ N/A 852.43:39.38  1.00 +1.29

CMc N/A 379.6892.45 0.26 -0.06

HM Sonication 769.3@55.90 1.00 -10.60

CM Sonication 283.13111.50 0.16 -1.99

HM Extrusion 156.6@31.97 0.13  -3.89

CM Extrusion 155.9@32.98 0.08 -12.80

HM: Hot Method, CM: Cold Method; Crude

Sonicated and extruded ethosorhad a unimodal size distributigRigure 6.3-1).
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The effect ofsonication onthe hydrodynamic diameter of unloadedethosomes

The HM and CM crde ethosomes had mean sizes86P.40d.nm and 379.60 d.nm
respectively. This was consistent with the standards produced in the previous expdigment.
reduce theparticle size, enication was conducted at 4C for the HM sampleswhich
resulted in the application of aperational temperature change (from room temperature at
25°C) to the sampgl. After a sonication cycle of 5 min, the ethosomes reduced inbsize
approximately 106 to 769.30 d.nm for HM ethosomes and by approximateBt 26 283.10
d.nm for CM ethosome'$*

Size Distribution by Intensity

— HM unloaded
CM unloaded
— HM sonicated
CM sonicated
— HM extruded
CM extruded

Intensity (Percent)

100 1000

Size (dnm)

Figure 6.31: The size distribution of unloaded, sonicated and extruded cruc
ethosomes synthesised using the hot and cold metisoat a PC concentration o060

mg/ml.

Sonication, as a comminution technique, served iot¥ at reducing the particle size to
acceptable transdermal permeation ran@eable 6.3-1). This may be attributed to the
parameters of the instrument whiafiectedthe particle size such as ttaration frequency,
temperature and number of cycl&hese variables are not standardised and vary according to
the ethosomal formulation and the sonicator usedhis experiment, the parameters of the
sonicator bath may have been optimised to achieve favourable particle size reduction
Literature hassupported the use of sonicators to achieve nanmbestof a desirable size
range®>1%°1%However for this studythese size ranges were not n&anication was not an

effective tool for reducing particle size of theloadedethosomes to the desired HdD.
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The effect ofextrusion onthe hydrodynamic diameter of unloadedethosomes

HM ethosomes were extruded on a hot plate with temperatures ranging fdHPG5vhich
weremonitored using a digital thermometer. The temperature chaffeyged the rheological
properties of the colloidal suspension, making the sample easier to elyrudducingits
viscosity CM ethosomes were extruded at room temperature and did not undergo the same
thermal stress imparted on the HM ethosomes.

a Extrusion

Figure 6.3-2: A macroscopic view of the ethosomal colloidal suspensions showin

change in turbidity before and after extrusion. (Extruding from right syringe to left

syringe.)

On amacroscopic level, an immediate change in turbidity was observed upon extrusion
(Figure 6.3-2). Extrusion waseffective at reducing the particle size thie ethosomes to
within acceptable ranges (:5). This may have been due to the membrane which allowed
ethosome®f a certain size rang®.1um) to pass through under pressufle particle size

was within the targeted range oP80nm with extruded ethosorsat 156.6d.nmand 155.9

d.nmfor the HM and CM respectively.
The effect ofsonication onthe polydispersity indexof unloaded ethosomes

The size distribution ofcrude HM ethosomesvas poor (.00. According to the PdI
classification, a Pdl > 0.5 is unacceptalifeThis served as the control andngation was
conducted tamprove the polydispersity of the ethosomes i.e. make the ethosomes more
monodisperseThe sonicated HM ethosomesaintainedan undesirablePDI of 1.00 which
indicated that the ethosome esidistribution was polydisperselowever, the CM ethosomes

had aPdl of 0.26 and 0.16 before and aftgwnication respectively. When the HM was

97



Chapter 6: Results and Discussion

Ethosomal formulatiodevelopment
utilised, sonication did not serve as an effective technique to homogenise the gibeitist
(PdI>0.5), whereathe PdIfor CM ethosomes improved. Thigsultis in accordance with the
effect of sonication on particle size reduction of the ethosomes prepangdath the HM
andCM.

The effect ofextrusion onthe polydispersity index of unloadedethosomes

The HM ethosomes hadRdl of 1.00 and 0.3 before and after extrusion respectively. CM
ethosomes had Rdl of 0.26 and 0.08 before and after extrusion respectiVglyile both
methods resulted in nanoparticles of an acceptidextruded CM ethosomes hadPdl of

<0.1 whichsuggestmonodispersity. e narrowparticle sizedistribution of extruded CM
ethosomeshowed thaéxtrusionwasmore effective at producingthosomes of an acceptable

Pdl, compared to the HMethosomes This may be attributed to theifference in the
respective crudeoarticle size. The HM ethosomes were > 2 times larger than the CM
ethosomesin crude form. Considering the difference in particle size distribution and that the
ethosomes were extruded the same number of times, it is possible that it was easier improve

the Pdl at a quicker rate for CM ethosomes.

After evaluating the effects cfonication and extrusion, extrusion was a more favourable
comminution method. The resultant ethosomes had a relatively narRokeompared to
sonicated ethosomeand supportediterature that thePdl of polymeric nanoparticles has
shown to bemore readi controlled when using extrusidff. This property may be directly
attributed to the pore size of the polymeric membraResearch has shown that the
membrane isnore effective at regulating the size and the homogeneity of the nanoparticles,

in conparison to the cavitation mechanism employed in the sonication method.
The effect ofsonication onthe zetapotential of unloadedethosomes

Comminution ofcrude HM ethosomesshifted the ¢ grom a positive to negative charge
(Table 6.31). HM ethosomes had e @f +1.29 mVand-10.60 mV for crude andsonicated

HM ethosomesrespectively The negative chargmay beattributedto the ethanolwhich

may have beeionised via hydrogen bonding within thelloidal suspension, resulting in
electrostatic repulsiormherefore, it is possible that sonication influenced nedhanolto be
saturated at the stern plane, thus increasingsthbility. According to the relationship
betweeng pvalues and their related stability behaviour, this showed that the ethosomes
stablity shifted from swift flocculation (0 to £5mV) to an initial instability £10 to +30
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mV).2¥" This might have been due to ttermal stresen the vesiclessed during analysis as
HM ethosomes were analysed at 2D to maintain the environment during synthesis.
However, CM ethosomes hadgapof -0.06 mV and-2.30 mV for crude and sonicated
samples respectivel\As shown inFigure 6.3-3, the effect on the stability was relatively

insignificant as the ethosomes remained within the swift flocculation range.
The effect of extrusion on the zetgotential of unloadedethosomes

Extrusionof HM ethosomes did not have any significantly appreciable effect on fhees
indicated by the shift in charge fromil.29 t0-3.89 mV. Although thes pchanged from
positive to negative, the colloidal suspension destrated swift flocculationO(to £5 mV).

In contrast, the CM ethosomes displayed an increase in stability as the surface charge
changed from0.06to0 -12.80 mV after extrusion.

Zeta Potential Distribution
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Figure 6.3-3: The zetapotential of unloaded crude ethosomes synthesised usi

the hot and cold method at a phosphatidylcholine concentration 050 mg/ml.

According to literature, the negative chamfethe ettosomes in theolloidal suspension is
attributed to the interditaion of the ethanolwithin the phospholipid bilayer. These
interlocking bondsnay result in agreater saturation of ethanol aggregatnghe stern layer

and hence an increase in thepThis phenomenon may be evident in the CM ethosomes.
However, itis important to note that the surface chaggethe slipping plane may be
influenced by the turbidity of the colloidal suspensions. Extruded ethosomes are
macroscopically less turbid than the crude formulations. This may have influenaedofhe

the ethoemes. It has been documented that, in order to circumvent this dilemma, samples
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may be diluted fappropriatelyo. However, the

and were not diluted at this development stage.
6.4.Conclusion

The objective of this exg@iment wasto characterise the nanoparticles according to their
physical and chemical stability and to compare the results of the different methods based on
theHdD, Pdl ands pObjectives were achieved as seen byekgerimental determination of

a suitable initial oncentration of PC for ethosonsgnthesisEthosomes containing varying
concentrations of PC were prepared using the HM and CM and evaluated using DLS
according to thédollowing criteria HdD < 200 nm PdI< 0.5 ¢ = + 30to + 40 mV. Based

on the analysesit was determined thad0 mg PCwould be the most suitablemassfor
ethosome synthesis for all continuing experimente highest PC concentration (50 mg/ml)

was seleted as research has shown tinateased PC concentrations may resulhaneased
encapsulation efficienc{*'°* Since APIs were to be added next, this was a critical

consideration at teistage to ensure increase the potential for APl encapsulation
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7. Introduction

After determining the effect &C concentration andomminution on the DLS propertie
unloaded ethosomes, BMV and HCwere each incorporatedas active pharmaceutical
ingredients (APIs)into both hot method KIM) and cold method €M) formulatiors. The
ethosomes were characteriséal determinethe effect of corticosteroid loaded ethosomes
using the mean HdD,Pdl and ZPrelative to theunloadedethosomesAdditionally, dug
loading (DL) and encapsulation efficiency (EE) were determined usigig performance
liquid chromatographyHPLC).

7.1.The preparation of hydrocortisone acetate and betamethasenvalerate loaded

ethosomes

Guided bythe resultsof the ethosomesynthesisedhn the previous experimei@hapter 6, a
series of new experimental formulations were prepared usinghand CM described in
Chapter 52.3 Corticosteroid loaded ethosomesre analysed using DL® determine the
effect of the PC concentration on ethostd HdD, Pdl and Zeta potentig[Table 7.2-1). A

macroscopic view of therude ethosomas displayed irFigure 7.1-1.

Blank ethosomedHM

Blank ethosomes CM

BMV loaded ethosomes HM
BMV loaded ethosomes CM
HCA loaded ethosomes HM
HCA loaded ethosomes CM

N O o

Figure 7.1-1: Vials containing ethosomal colloidal suspensions showing the difference
turbidity and sedimentation. Image captured 24 hours after synthesis.
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7.2. The effect of corticosteroids on crude ethosomes

Table 7.2-1: The hydrodynamic diameter (HdD), polydispersity index (Pdl) and zeta
pot ent ofanloadédsapd)corticoid loaded ethosomgsn=3)

FORMULATION HdD (d.nm) Pdl g gmvV)
Unloaded HM 852.40+239.38 1.00 1.29
ethosomes CM 299.60+92.45 0.26 0.07

HM amy 753.50+21.26 1.00 -24.20

Loaded CMamy 362.50+95.35 0.28 -12.60
ethosomes HMpca 858.00+81.70 1.00 -3.36
CMuca 265.40+55.90 0.16 -4.27

HM = Hot Method, CM =Cold Method BMV = betamethasone valerate, HCA =

hydrocortisone acetate.

The effect of caticosteroids on the particle size ofcrude ethosomes

Ethosomes had a unimodal size distribufiBigure 7.2-1). Similar results were observed as
that of the previous experimer{fTable 6.21 and Table 6.31), wherethe unloadedCM
crudeethosomes had a lower mean particle size compared to therttdethosomes. The
addiion of HCA and BMV resulted inoadedcrude ethosomewith differences in HdD
relative to the unloadedrude ethosomesThe resultqTable 7.2-1) suggesthat HM HCA
loaded ethosomes had a similar size to their respective unloadednegispsvhereas the CM
HCA loaded ethosomes haan 11.3 % reduction in HdD. Conversely, BMV loaded
ethosomes had an HdD decrease of 11.6 % and an increase of 21.1 % for the HM and CM
respectively. OverallHCA loaded ethosomes had a smaller HID whemgaredto BMV
loaded ethosomes when using the @Ml a larger HAD when using the HVhis contrast
may have been due to the difference in their respective solubility and lipophReisgarch
has shown that the addition of an API may result in the increatee ghrticle size"*® A
decrease in particle size may be duenstability in the phospholipid bilayeresulting in
leaking of API.
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Size Distribution by Intensity

— HM unloaded
CM unloaded
— HM BMV loaded
CM BMV loaded
— HM HCA loaded
CM HCA loaded

Intensity (Percent)

Size (d.nm)

Figure 7.2-1. The size distribution of unloaded, betamethasone valerate (BMV) load:
and hydrocortisone acetate (HCA) loaded crudeethosomes synthesised using the |

and cold method

Although bothglucocorticoids GC9 have a greater affinity for the organic phase, HCA is
more solublethan BMV in ethanaol This is gynificant considering the imations on
ethosome HdD. Since HCA has a relatively greater ethanolic solubility, it may be in higher
concentrations in the core, HCA loaded ethosomes were smaller in size. Sinces BA3Y

soluble in ethanol, it may have had a greater affinity fot@@and added to the lamellarity.
Additionally, BMV has a long valeric acid chain making the compound more lipophilic. It
was anticipated that this may resultiinhaving apropensityfor the phospholipid bilayer.
Regardless of the magnitude of increase or decrease, it was evident that the addition of GCs
affected the HdD of ethosomes.

The effect of corticosteroidson the polydispersity of crude ethosomes

As shown with the unloadegthosomesgthosomes prepared via the HM haduaacceptable
Pdl of more thar> 0.5, indicating that the ethosomes varied in sigtribution Ethosomes
prepared using the CM had an accept&#aeof 0.26. When loaded with GCs, it was shown
that the resw were similar regarding the effect &dl when comparing théiM and CM
Regardlesof the loaded API, thé>dl of GC loadedethosomesgrepared using the HM
remained poorRdl = 1). The difference idl was more evident when comparing thaded
ethosomegrepared using the CMt was shown that, although both BMV and HCA had
acceptabld>dis of <0.5, HCA loaded ethosomes had a more favouRdiléhis showed that
the HCA had a bettdtomogeneity ofize distribution. It is important to note that the HCA
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loaded ethosomes also had a smaller mean particleasdestandard deviatiowhen
compared to BMV loaded ethosomess discussed previously, this difence may be

attributed to their respective affinities for the lipophilic and hydroethanolic phases.
The effect of corticosteroids on the zetgotential of crude ethosomes

Both the unloadedCM and HM ethosomes had e pgndicating swift flocculation. When
loaded with the GCs, the result remained unfavourable as it was not within the targeted range
of £30 mV. However, it \as noted that there was a difference when comparing tbethe

different APIs.(Figure 7.2-2)

Zeta Potential Distribution

8000007 ....... .......... e e e e e e .......... .......... ..........
: : : : : : — HM unloaded
g 600000 CM unloaded
5 : : : — HM BMYV loaded
= 400000+ - e I . A R T T . . CM BMV loaded
E : : — HM HCA loaded
: : : : : CM HCA loaded
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Apparent Zeta Potential (mV)
Figure 7.2-2: The zetapotential of unloaded, betamethasone valerate (BM\

loaded and hydrocortisone acetate (HCA) loaded crudethosomes synthesis:

using the hot and cold methosd.

It was evident that the effect on thewvas more influenced by the drug than the method, with
BMV loaded ethosomes being more stable than their HCA loadederparts HCA loaded
ethosomes had @ pf -3.36 mV and-4.27mV for the HM and CM respectively. Although
theg pncreased, itemainedwithin the swift flocculation range. BMV loaded ethosontex]

ae pf -24.20mV and-12.60mV for HM and CM respectivg, showingan initial instability
((£10 to £30mV).).

Based on the results, it was evident that, when ethosomes were loaded with BMV, there was
a greater concentration of anions at the stern plane. Apart from indicating the stability of the

ethosomes within the colloidal system, themay also be an indicatn of the ability of the
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ethosoms to be retained within the epidermis. The interaction betweeneihative charge
of the ethosomes and the positive charge of the human skin (+23 mV) may increase the
retention time in the target tissu&hen comparing thdifference in the effect of the GCs it
was noted that BMV loaded ethosomes generated appeared to be moreTsiabdeuld
have beerdue to the location (hydroethanolic core or the phospholipid bilayer) of the API
within the ethosome. Literature suggestsat the negatives pis influenced by the
interdigitation of the ethanol within the phospholipid bilaj/eBince PC is a zwitterion, this
may also have affected the surface charge of the ethoseitteshe exposure of polar
functional groups®® PC may haveinteraced with BMV more than HCA which may be

attributed to the locatioof the API within prepared ethosomes.

Overall, it was evident that GCs influenced the variables under scrutiny, and thus, would

influence the subsequent ethosome analyses.
7.3. The effect ofcorticosteroid loading on sonicated and extrude@&thosomes

Ethosomes were prepared using the HM and CM descri€thaptess 5.2.3 were sonicated
and extruded(Chapters 53.1 and 5.32). Unloaded, BMV loaded and HCA loaded
ethosomesvere analysedo determine the effect aorticosteroid loading on sonicated and
extruded sampledJsing DLS as described @hapters 5.5.1 and 5.5,2he ethosomes were
analysed anthe results were tabulated, as showTables 7.3-1 and7.3-2. The evaluation
criteria was maintained as in previous experiments where: HdD = ~20Bdim 0.5 ands p
=+30 mV
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Table 7.3-1: The hydrodynamic diameter (HdD), polydispersity index (Pdl) and zeta
pot ent ofaohicaled&S) ynloaded and corticasteroid loaded ethosomegn=3)

FORMULATION HdD (d.nm) Pdl Z.P (mV)
Unloaded HM s 1751.06:381.70 1.00 -6.37
ethosomes CMs 283.13:116.50 0.16 -5.08

HMhca s 969.5(:207.25 0.04 -5.94

Loaded CMhcas 227.5(:21.71 0.42 -6.05
ethosomes  Hvigys 1035.0@:45.04 1.00 -3.57
CMawy s 326.33:40.38 0.05 -4.21

HM = Hot Method, CM= Cold Method BMV = betamethasone valerate, HCA =

hydrocortisme acetate

The effect of corticosteroid loading on the hydrodynamic diameter of sonicated

ethosomes

Sonicated ethosomes had a unimodal size distrib{E@ure 7.3-1). After sonication, the

HM unloadedethosomes showed a 100 % increase in mean H#©. HdD measured
1751.00 d.nmwhich was above the targeted size of200 nm.The standard deviation
(£381.7d.nm) of the ethosomesize indicated that the sonication technif@ecomminution

created challenges in producing ethosomes of a reproducible size Thegacrease in size

from 852.40d.nmmay have been due to the parameters used when setting up the experiment.
Although research hahown that sonication has provdteetive at reducing patrticle size of
ethosomes, those results were not reflected in this expefiiéha possible reason fohe
increase in particle size may have been attributed to the fact that the analysis was conducted
at a higher temperature (4&€) compared to it at which they were store@®5 °C).
Cavitation, the mechanism for particle size reduction when using sonication, had a negative
effect on particle size which may have resulted inlyses of ethosomeand agglomeration

of the fragmentsThe fluctuation in temperature in between synthesis, comminution and
analysis may have impacted the stability of the ethosomes and subsequently may have
affected the size-or the aforementioned reasons, the HM, coupled with sonication did not

seem as aiable particle size reduction method.
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Size Distribution by Intensity

— HM unloaded sonicated
CM unloaded sonicated
— HM BMYV loaded sonicated
CM BMV loaded sonicated
— HM HCA loaded sonicated
CM HCA loaded sonicated

Intensity (Percent)

100 1000

Size (dnm)
Figure 7.31: The size distribution of unloaded, BMV loaded and HCA loade:

sonicatedethosomes synthesised using the hot and cold method

SonicatedCM ethosomeg283.10 d.nm) had a slight reduction in thenean HdD when
compared to thenloadedethosomes299.60d.nm) The main difference ithe parameters
relative to the HM,was that sonication of the CM ethosomes was conducted &€.25
Therefore, since the HAD waseasured using DLS at room temperature, there was not much
difference in the temperature of the ethosome environmasnitcompared tadhe HM
ethosomesSince less energy was imparted into the sysfeen sonication vs increased
temperature + sonicationdhe vesicles did not undergo the same amounthefmalstress

resulting from the aforementioned enthalpy change.

When encapsulated with HCA, the size of the HM ethosomes increased by 12.5% after
sonication, whereas the CM ethosomes decreased by 15%thdiglomes encapsulated with

BMV showed a 40 % decrease in mean Hafizr sonicationwhereasthe CM equivalents

showed a mean HdD increase by 15 %. The APIs showed differences in their influence on
particle size before and after sonication using the diiferaethods. These size range
differences could be attributed to their relative solubility in ethanol which causes partitioning

bet ween the fAfree drugo in the buRdgardeessdi um
of the synthesis method or the loade@, the particle size was not Wi the targeted size

range of ~200 nm.
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The effect of corticosteroid loading orthe polydispersity indexof sonicated ethosomes

The PdI of the unloadedHM ethosomes, both crude and sonicated, had a polydispersity
above the acceptabRdl. Sonication of the HM ethosomes was not effective at reducing the
size nor was it effective at homogenising their size distribution. Conversely\Rdhef
unloadedCM ethosomes both crude and sonicated had an accejptdbté < 0.5 (0.26 and

0.16 respectively). Although the particle size was not within the targeted range as previously
discussed, the distribution of the size improvederafsonication, thus imparting

homogenisation.

The analysis of the GC loaded ethosomes showedHiat loaded HM ethosomes had an
improved Pdl of 0.04 which is indicative omonodispersity. This result indicated that the
uniformity of the ethosome size improvedbstantially Similar to theunloadedethosome,

API loaded ethosomes displayed similar characteristics regardless of the specific properties
of the API included. A possible solution improve the Pdl using sonicationay have been

to sonicate at room temperature, regardless oétth@some preparatianethod used (CM or

HM). When sonicating the ethoal colloidal dispersion, it waapparent that the increased
temperature (40C) impactedhe Pdl.

Unlike HM ethosomes, the respective CM ethosomes Hadl ithin the acceptable rge

of <0.5. When omparing the different APIs, Wwas interesting tanote that HCA loaded
ethosomes have a narrower siltgtributionrelative to BMV loaded ethosomeéBMV loaded
ethosomes fth a greater size range and were less homogemegarding their ige
distribution insuspension. Considering thaMHethosomes do not display a similar trend, it

is clear that temperature regulation is an important component, not just in synthesis, but also

in particle size reduction.
The effect of corticosteroid loadng onthe zetapotential of sonicated ethosomes

As shown inTable 7.31, dl of the sonicated samples showed no difference instiend

maintainedstability assciated with swift flocculatiorfO to £ 5 mV).
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Zeta Potential Distribution
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Figure 7.32. The gp of unloaded, BMV loaded and HCA loaded sonicate

ethosomes synthesised using the hot and cold metisod

The main difference observed in Figufe3-2 was observed in the total count wher&H
ethosomes had a greater obuelative to CM ethosomes. This may have been a direct
consequence of the increased temperature utilised during HM ethosome analyses which

decreased the viscosity and turbidity of the colloidal system thus improving detection.

The effect of corticosterad loading on the hydrodynamic diameter of extruded

ethosomes

Table 7.3-2: The hydrodynamic diameter (HdD), polydispersity index (Pdl) and zeta
pot ent ofanloadédsapd)cortcostenid loadedextruded (E) ethosomegn=3)

Formulation HdD (d.nm) Pdl Z.P (mV)
Unloaded HM ¢ 147.2¢25.05 0.17 -5.74
ethosomes CMe 153.132.28 0.14 -4.34

HMuca £ 168.3r28.27 0.06 -4.93

Loaded CMica £ 147.719.91 0.0 -3.31
ethosomes o e 151.4:32.35 0.15 3.21
CMawy 163.8:31.99 0.11 -3.82

Formulation: HM: Hot Method, CM: Cold MethgdBMV: betamethasone valerate, HCA:

hydrocortisone acetate.
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Size Distribution by Intensity

— HM unloaded extruded
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Figure 7.33: The size distribution of unloaded, BMV loaded and HCA loade:

extruded ethosomes synthesised using the hot and cold method

Extruded ethosomes had a unimodal size distribuffogure 7.3-3). Unloaded &truded
ethosomeshad a particle size range within the targeted range of ~ 200 nm, with HM
ethosomes showing a 4 % retion inHAD (Figure 7.3-3). HM ethosomes were extiad at

a higher temperature (4C) thanCM ethosome$25 °C). Apart from reducing the viscosity

of the colloidal system, the increasextrusiontemperature may have directly influenced the
flexibility of the phospholipid bilayerAlthough the rate of extrusion relative to CM
ethosomesvas quicker, the increased temperatugy have resulted in a decrease in vesicle
stability. Multilamellar vesicles NILVs) may have lysed intdarge unilamellar vesicles
(LUVs) and smaller fragments which were detected as spherical ethosomes via DLS.

GC loaded ethosomgwseparedusing HM and CM showed a similar result regarding the
mean HdD. As with sonication, HM ethosomes loaded with HCA showed an increase in
particle size(168.3t28.27 after extrusiorrelative to their respective unloaded ethosomes,
whereas CM ethosomes showed arelase in particle siz€l47.419.91). This may be
indicative ofreduced vesicle flexibility for HCA when using CM and an @aged flexibility

when using HM.Compared to unloaded ethosomes, BMV loaded ethosomes showed a
similar size rangel61.4:32.35 andan increased HdD163.831.99 for the HM and CM
respectivelyAn increase in HdD has been confirmed in literature regarding encapsulation of
APIs relative to unloaded ethosonfés® The similar size range identified with the HM may

have been attributed poor encapsulation efficiency for that particular set of experiments.
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Both of the steroidal compounds are polycyclic, rigid, pregnane derived structurésaatiic
stability to the ethosomal structure. Because of this characteristic, it was expected that these
APIs would makethe vesicles more compact. The results show, ifgtr extrusionHCA
loaded ethosomes have a higher mean HdD than BMV loaded ethofomite HM,
whereasHCA loaded ethosomes have a lower mean HdD than BdAded ethosomes for
the CM. Ethosomes are flexible lipid based nanopartiéteEhis property wasorroborated
by theextrusionanalysesas particles had a higher mean HdD than the aperture size of the

membrane utilised for extrusion.
The effect of corticosteroid loading orthe polydispersity indexof extruded ethosomes

Upon extrusion evaluation, it was immediately discovered the®dhbad improved, relative

to thecrudesamples. This was attributed to the size of the membrane which directly impacts
the Pdl. Once extruded, only ethosomes of a certain size range, influenced byetheep
size of the membrane, weable to pass through. Thus, the siaeges of those pastes were
narrow. The polydispersity of the ethosomes comminbtedneans okextrusionmay have
beeninfluencedby the flexibility of the vesicle preparedResearch has shown thatpma
flexible vesicles will have a larger size range and a larger pobigp™ 2% An interesting
observation was that, although all of the extruded ethosomes were within the t&djeiéd

< 0.5, the HCA loaded ethosomes prepared via HM and CM menedisperse witRdls of

0.06 and 0.05respectively.lt was deduced that thesthosomesmay have been more

compactwith a less flexible phospholipid bilayer.
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The effect of corticosteroid loading orthe zetapotential of extruded ethosomes

As shown inFigure 7.34, all of the extrudedsamples showed no difference in thgand

maintainedstability associated with swift flocculation.

Zeta Potential Distribution
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Figure 7.34: The zetapotential of unloaded, BMV loaded and HCA loadet

extruded ethosomes synthesised using the hot and cold metisod

Overall, it was foundhat the loading of corticosteroidsflurenced the particle siz€dl and

¢ pAdditionally, a significantvariability of resultswas established when sonication was
utilised for comminution, whereas extrusion resultedthosomes which better fit the eria

(HAD < 200 nm, Pdl < 0.5 p = 30to +£40 mV) with an improvedreproducibility. As such,
extrusion was selected as the standard method of particle size reduction for all subsequent

formulations.
7.4.Preparation of ethosomes for solid state analgs

After HdD, Pdl ande m@nalysis, HM and CM ethosomes were centrifuged and washesl
using ethanoland HO to maintain the same solvent environment in which the ethosomes
were synthesised. Thigas done to preverigglomer&ion of ethosomes and to maintahe
ethosomalcharacteristicsTo minimisepossiblepassive diffusion of encapsulated API, the
resuspensiotime was low (-5 min). Resuspended ethosomes were dried using centrifugal
evaporation as described @hapter 54.2 All subsequent solid sta@nalysegFTIR, HSM,

DSC and TGAWwere conducted using thedged samples.
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7.5. Scanning electron microscopy

SEM was used to characterise the morphology of: pure BMV, pure HCA, PC, unloaded and
GC loaded ethosomes synthesised using the HM and CM. Samples were analysed using the
SEM method as described@hapter 512

Phosphatidylcholine

Mag: 50 000 x Mag: 20 000 x Mag: 10 000 x

Betamethasone valerate

Mag: S0 000 x Mag: 20 000 x Mag: 10 000 x

Mag: 50 000 x Mag: 20 000 x Mag: 10 000x

Figure 7.51: SEM analysesof phosphatidylcholine, betamethasone valerate ai
hydrocortisone acetae at different magnifications (Mag).

PC ischaracterised as an amorphous semisolid with no distinct $h@ipis. description was
corroborated by the SEM images showrFigure 7.51. The SEM image of PC served as a

comparative reference to the ethosomes prepared using the HM and thes GRbwn by
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Touitou et al 2007 both of these methods are viable for synthesising ethasawith a
spherical morphology.The British Pharmacopoeia (BP) characterises both GCs as white
crystalline powder&® The morphology can be corroborated by the SEM images shown in
Figure 7.51, where it is evident that the GCs had an irreguatgstallineshape. The SEM
images of the pure components sedras a comparative reference for GC loaded ethosomes
that were prepared using the HM and the CM.

7.5.1. The morphologyof HM and CM ethosomes

Figure 7.5.2:1 shows that spherical ethosomes were synthesised using the HM and CM.
These vesicles are different in peawhen compared to the pure PC whiges amorphous

andhad no distinchape. Comparatively, it was evident that vesicles had formed.

Unloaded ethosomes (hot method)

Mag: 50 000 x Mag: 20 000 x Mag: 10 000 x

Unloaded ethosomes (cold method)

Mag: 50 000 x Mag: 20 000 x Mag: 10 000 x

Figure 7.5.21: SEM analysesof unloaded extrudedethosomesprepared using the

hot and cold methodsat different magnification (Mag)

When the ethosomesynthesised using the HM and Ciere compared at the same
magnification, it was evident that ethosomes generated from the HM had a relatively smaller

diameter than the etiomes prepared via the CBEM imagesndicateda difference in the
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size relative to the DLS because of the manner in which ther@asuredHowever, SEM
images were used qualitativelijhe particle sizeising DLSis not a measurement of the true
size bu rather of a spher€® Regardless of the shape of a nanoparticle, the reported
dimension is reported as sphericdlhus, it was important tccorroboratethe DLS
measurement by observing the morphol6§yDLS alsomeasures the solvation layer i.e. the
shell aound a suspended particle, consisting of the moleafléise solvent, as part of the
nanoparticle. Due to this process, DLS measured partmfien appear larger than thei
actual sizé€®’ This was not a concern as a higher HdD relative to the actual iStake
would not have negative implications fobensdermal permeation. DLS was advantageous

because it warelatively cheaper to run, quick and the sample preparation was simple.

Dried GC loaded ethosomes were analysed using SEM to determine the difference in the

morphology of the ethosomes once loaded.

This was important because, for nanovesicles to be vidBlecarriers for transdermal
permeation, a spherical shape is favourable. BMV loaded ethosome$-igite 7.5.1-2)

indicate that, in comparison to the unloaded HM ethosomes, the morphology changed from

Betamethasone valerate loaded ethosomes (hot method)

" Sged Avielem Do 12042014 ' 41w st Aviel O 13 44 208 ! g L 200200
WOr Ghom Mg+ 2009KX rre 130208 . 1000k Teva 130204 ' " e . BIOKX Trea 1342

Mag: 50 000 x Mag: 20 000 x Mag: 10 000 x

Betamethasone valerate loaded ethosomes (cold method)

Mag: 50 000 x Mag: 20 000 x Mag: 10 000 x

Figure 7.5.2:2: SEM analysesof BMV loaded extruded ethosomegrepared using
the hot and cold methodsat different magnification (Mag)
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being spherical to being irreguldrhe irregular shapeould be as alirectresult of theHM.
When synthesising ethosomes using the hot method it is important to note tiPat ke
added to the aqueous phase. In contrast, BMV loaded CM ethosomes have a spherical shape.
However, as with BMV loaded HM ethosomé#sere is evidence of agglomerati@s can be
seen at Mag 5000 x The agglomeration could be attributed to the -petizntial which
indicated an initial instability. Upon drying of the ethosomes to prepare them for solid state
analysis, thdiberation ofthe solvent rendered the electrostatic forces and Brownian motion
negligiblewhich may havanfluenced their stability

Hydrocortisone acetate loaded ethosomes (hot method)

BT e e Dear R WS ZhEs mue WA S Sves we B
Mag: S0 000 x Mag: 20 000

Hydrocortisone acetate loaded ethosomes (cold method)

Sgna A v el e 13 3 2070 x te 800w/ SgmiA v rien Ot 13 3 2018 s B TR e 00 Bgnd A v e O 53 1 3010
wooKx wo - 200Kx 3 WO db e < 1000KX  Trme 124048

Figure 7.5.23: SEM analysesof HCA loaded extruded ethosomesprepared using the

hot and cold methodsat different magnification (Mag)

Similarly, HCA loaded ethosomes HEFigure 7.5.1-3) appeared irregular in shape. These
ethosomes also appeared to be HCA coated with PC as the crydtdllkheseemed as an

apparent scaffoldAgglomeration was also observed.

Overall, it was evident thathe there was a change in the appearance otttih@somes
relative to the pure componeniBue to the irregular ethosome shape, the large particle size

(> 200nm), the variabilityof the partite size and the polydispersity of the particle size, the
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HM seemed less favourabas a method for ethosome preparatimr these reasonde HM
was rejected as a suitable method to synthesise ethosmnmeandidatéor topical drug
delivery. All subsejuent analysewere conducted using the CM for synthesis and extrusion

for comminution.
7.6.FTIR analysis of BMV loadedand HCA loadedethosomes

Using the FTIR analysis method as describedChapter 5.13 FTIR spectroscopy was
conducted to identify the funotmal groups within the diagnostic region attributed to the pure
components:PC, BMV and HCA.These spectrogram@igure 7.61) would serve as
references forunloaded BMV loaded and HCAloadedethosomesThe samples analysed
were from the same batch ag tithosomes prepared for SEM analytkdoaded ethosomes

were then analysed to determine if any interactions occurred between PC and the
hydroethanolicenvironmentin which the ethosomes were forméance loaded with BMV

and HCA respectiveethosomes weranalysed to determine if any interactions occurred
which may indicate encapsulatiomteractions were identified by peak shifts in wave
number, increase/decrease in peak intensities and the appearance /disappearance of
characteristic bands.

Upon analyss of BMV using FTIR spectroscopya weak OH stretch was identified at
3378.71cm’. This siteis susceptible to hydrogen bdngd due to the presence of the oxygen
which serves as an electron withdrawing gro8ifkane GH stretches were identified at,
295510 cm?, 2910.02cm’ and 2872.09 cith Strong sharp carbonyl stretches were
identified at 1732.81 and 1714.481", which may be attributed to the esterified valeric acid
at C17 or the conjugated ketone at C3. Alkene C=C stretches were identified 821658.
1614.98cm* and 1601.36 cthwith C-H bending at 1455.95 ¢
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Figure 7.6-1: FTIR spectrograms showing the interactions betweeithe ethosom
components. The arrows indicate the peaks at whiclthemical shifts in wav

number or intensity occurred.

PC displayed weak broad bands 3868.04 cm’, indicating the presence of-KHYN-H
stretches These bands may correspond e tN-H stretch on the conjugated ammonium
phosphate ion or intermolecular hgden bondingLiterature suggests that-N stretches
present as medium or weak sharp bands occurring be@®4&3 3300 and 3330 3250cm

! whereas alcohol stretches appesatrong broad band present3®50- 3200cm*.*%® |t

was difficult to assign the exact functional group becausleeo$imilar/overlapping ranges of
interpretation. A weak alkene-B stretch was identified at 3011.@8n" which can be
attributed to the unsaturated carbon chain with subsequent alkane stretches present at 2923.37
and 2853.5 ci. The C=0 stretch, identéd at 1734.39 cih was attributed to the carbonyl

of the ester and the sharp medium peak at 14@#rd7orresponded to alkanel€bending.
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When analysing the unloaded ethosomes, it was found th@kiheN-H stretchesit 3368.04
cm™* had shifted to 373.13 crit, which may have been due to a weak chemical interaction
such as hydrogen bondindyis possible that the protonated amine may have acted as an acid
and donated its proton. Sinttee wave number is inversely proportional to mass, a mass loss
by proton donationwill increasethe wave numbef This may have also resulted in a
decrease in M stretching bond length, since bond length is inversely proportional to wave

number 163

BMV loaded ethosomedisplayed a large negatighift in wave number as the-K& N-H
stretches at 3368.04 ¢nhad decreased ®276.09cm™. This large shift in wave number

may have been due to a stronger chemical interaction between the BMV and the PC as they
both possess polar electron withdrawing group regidhs. large decres in wavenumber

may have been due to interactions between electronegative atoms resulting in hydrogen
bonds. This may have resulted in reduced bond length resulting in a higher vibfatien
N-H/O-H stretchand asubsequenibwer wave numberAnother rotable finding occurred at
1668.51cmi* where a weak C=C stretch appearedjcating an intermolecular interaction
between BMV and PC. Considering that PC exists at a higher % m/m concentration relative
to BMV in the formulation, this was a notabliding because C=C stretches were not
evident in PC?® This is an indicatiomf BMV encapsulation.

HCA analysis showed thathe alcohol GH stretcheswerelocated at C 11 and C 17 of the
pregnane backbonat3414.02cmi’. Alkane GH stretchingwas observed at 2954.68 ¢m
Carbonyl stretching from the esterified ester and the conjugated ketone at C3 were identified
at 1732.78cm™* and 1714.41 cih respectively. Alkene @ stretches from the pregnane
backbone were identifieat 1657.8%m™*, 1643.66cm™, 1614.72cm* and 1601.54 cihwith

C-H bending at 1455.8&¢m™. These bands senas characteristic features for mparison

with loaded ethosomes.

HCA loaded ethosomes had a FTIR profile similar to thatrdbadedethosomes with a 2
distinct differences in the characteristic bands. Firstly, the band identified at 32865.8
appeared as a weak broad doublet with a shift from 337330 3285.80cmi’. This may
have indicated an interaction betweerHNand OH asthese bands are located within the
32550 - 3200 cm*wave numbers. Typically, primary aminessplay two distinct weak
medium bands @400- 3300cm™* and 33303250cm*. However an GH stretch occurring
between 3550- 3200 cm™ may also be identified within this region. Thus, exact the
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functional group interaction remains unclear but is apparent. Secondly, an alkene C=C stretch
is evident at 1671.77The appearance of a new peak may be evident of a molecular
interaction. It is Bo notable that aforementioned C=C stretchesurred at lower wave
numbers. The resultant increase wave number may be indicative of a loss in mass or a
decrease in bond length, possibly due to a neighbouring electronegative atom. The absence of

charactestic HCA bandss evidenceof encapsulationf HCA within the phospholipid®
7.7.Hot stage microscopyanalysis of BMV loaded and HCA loaded ethosomes

HSM was used as a qualitative tool to observe phase transitions and other thermal events
uselfulin characterising ethosomes. First the pure compon&a@s BMV and HCA were
analysed, followed by the unloaded ethosomesfiaatly the loaded ethosomes. The results

of each were compared to determine how the materials were intenathngne another and

to determine the thermal profile of the synthesised ethosomes. The HSM data was used in
conjunction with other quantitatvthermoanalytical tools tolentify the thermal events that

were quantified using TGA and DSC.

PC had a visually eventful HSM profile. It is important to note that PC was stored in a freezer
(-4 °C) to maintain its granulated form in which it was provide&h commencement of the

run, an immediate change in turbidity was observed from room temperature Ui@il ®be

PC became more transparent and decreased in viscosity.°At ®dbbles gradually started

to appear, indicating the presence of a solventchange in rate of bubbling was observed
between 90 140°C. This may have indicated the absence of or negligible concentration of
moisture. At 140C, vigorous bubbling occurred indicating a phase transition from liquid to
gaseous phase. Although bulnlglicontinued for the entire duration of the run (280,

degradation was observed from 280

The unloaded ethosomes contained P& ldndethanol By their classification, ethosomes
contain a hydroethanolic core and, subsequently, it was expectedheéhsdlvent solution

would be liberated as the structural integrity of the ethosomes decreased with the increased
temperature. The boiling point ethanolis approximately 78C and water boils at 10T.
However, no structural changes were observetiveen room temperature and 4G0At

150°C there was liberation of a gas which appeared as a faint glow which increased in

intensity with increased temperature.
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Figure 7.7-1: HSM analysesdisplaying dbserved thermal events and theorresponding temperatures forbetamethasone valerat
(BMV), hydrocortisone acetate (HCA), phosphatidylcholine (PC)unloaded ethosomesBMV loadedand HCA loaded ethosomes.
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Onset of melting occurred at 22G where a phase transition from solid to liquid occurred.
Degradation of the ethosomes commenced at°23@here a colour change from opaque to

brown was observed.

According to literature BMV melts at about 192 °C, with decompositiGms shown in

Figure 7.7-1, no physical change was observed between the starting temperature &d 190
There are no bubbles present, indicating the absence of moisture. This was expected as BMV
is a hydrophobic compound with poor aqueous solubility. An onset of melting of BMV was
then observed between 1B@00°C with a colour change to dark brown. Thiglicated that

the BMV had degraded. The results observed in this empat complied with literaturé®

BMV loaded ethosomes had @pagque macroscopic appeargnedative to theunloaded
ethosomes. No physical change was observed from room temperature tG.1A8 tre
temperature increased from 1180 °C, bubbling occurred. The bubblesiggestthe
liberation of the hydroethanolic phase. The increased boiling point temperature relative to the
pure sample occurred as a result of encapsulation of the soAesampanié@ by the
liberation of a gas,BMV also became visikl within this temperature range which
agglomerated with increased temperature. The liberation of the gas continued until
completion of the run. BMV meltedt 190 - 200 °C with an immediate colour change
observed, indicating concomitant degradatidhe thermal behaviour of BMV within the
loaded ethosomes correspondesll with the pure BMV.This indicates that the integrity of

the BMV had not been compromised

According to literature, HCA has a melting pobf about 220C with decompositiod® As
shown inFigure 7.7-1, no physical changes were observed from room temperature until 220
°C. The absence of bubbling indicated that no moistuae @xtruded from the sample. An
onset of melting occurred at 22€C until completion at 230C. The onset of melting
corresponded with literature. However, degradation was not observed as thareithvars

colour change nor a spontaneous bubbtihthe sample.

HCA loaded ethosomepresented an opaque semi solid at rommperature. Once the
temperature increased, the sample decreased in volume and became more transparent. This
indicated that a glass transition occurred resulting in an onset of melfiBg @@. Compared

to the thermal profile of unloaded eimmmes, whik exhibitsliberation of a solvent at 15,

HCA loaded ethosomes exhibasthermal event at a lower temperature. HowevigQrous
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bubbling was not olesved with HCA loaded ethosomes. Instead, a melt occurred from 130
140°C. On completion othe melt, the sample exhil@d a gas which was identified as
yellow glow on the microscopic image. The PC within the ethosome continued to melt with
the appearance of bubbles until 1%80) suggesting degradation of the P& 180 °C, the
HCA, which appeared aswahite powder suspended within the melted P@nmenced with
melting This temperature was much lower than the reported melting point (abo€Pr0
literature’”® The onset of degradation occurred simultaneously, with a distinct colour change
from transparent to a dabrown. At 220°C, the HCA had completely melted with gas being

emitted suggesting sublimation of the sample and completion of analysis.
7.8. Differential scanning calorimetry

Dried CM unloaded and GC loaded ethosomes were analysed digergntial scanning
calorimetry (DSC) to characterise ethosomes and the respective pure components in solid
state. Used in conjunction with HSM, DS®@ovided detailed informationregarding the

physical and energetic properties of these compon€éigsarge 7.81).

PC exhibitecho physical change before 18G. Due to its polymeric complexity, the melting
point of PC is unknown. However, prior analysis using HSM indicated the presence of
vigorous bubbling at 146C. The thermographic profile using DSfid not indicate the
presene of a characteristic melting point. Instead, 3 endothepwaak were identified at
157.20°C, 174.27°C and 192.00°C with corresponding heat flows 84936mW, 4.5990

mW 5.4382mW respectively.

Similar to PC, unloaded ethosomes displayed no physieaigehbefore 156C. At 166.40
°C a small peak was identified. However, it was too small to be quantified w.r.t heat flow.
Supported by HSM events identifif@m 150°C, this small peak was most likely associated

with an orset of degradation.

Upon analysis of BMVthe absence of thermal eveptsor to 190°C validated its purity. An
endothermic peakl106.98°C - 11.7570mW), indicative of a melt, appeared with its onset at
195.31°C and ended 98.12°C. The peak had an area &f.9681mJ with a Delta H of
61.2326J/g Degradation was identifieat ~ 218°C. This corresponded to the melting point
of BMV (~192 °C) with reported degradation in literatur€. These results can be
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corroborated by the HSM results which showed degradation with a colour change ftem wh
to dark brown at 226C.

pPC

Unloaded
Ethosomes

BMV

Heat Flow Endo Up (mW)

BMYV loaded
Ethosomes

HCA

HCA loaded
Ethosomes

40 60 80 100 120 140 160 180 200 220 240
Temperature (°C)

Figure 7.81: DSC analyses ofbetamethasone valerate (BMV), hydrocortison
acetate (HCA), phosphatidylcholine (PC)unloaded ethosomesBMV loaded and
HCA loaded ethosomesThe arrows correspond to the thermal events that wet

identified in the samples.

BMYV loaded ethosomes were uneventful. HSM analysis indicated the liberation of moisture
at 110°C. However, DSC analgs did not show this. The absence of this may have been
unquantifiable due to the low moisture concentration. A notable finding was the absence of

the characteristic BMV endothermic peak. Tikisdicative ofBMV encapsulation
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HCA had no physical change before 220 HCA has a melting point of 220°C.”® An
endothermigeak,characteristic of a melt was identified2#4.88°C (23.0770 mW) with an
onset of 221.22C and endingat 226.44°C. The peak had an area 183.8715 mJ and of
Delta H 96.3104/g

HCA loaded ethosomes showed the presence of thermal excitation at145’C which
appeared as small peaks within that temperature range. Although too small to be quantified,
the peaks corresponded with the vigorous bubbling identified using HSM andlysis.
absence of the characteristic HCA endothermic peak suggeststpseiation of HCA

7.9. Thermogravimetric analysis

Thermogravimetric analysis (TGA) was used to identify the changes in thermal stability. This
analytical tool was used in conjunction with the qualitative data generated from HSM to
guantify the thermal eventdbserved in terms of the effect of thercentagenasslossof the

sample. As with HSM, the pure components were first analysed and were used as a reference
for unloaded ethosome and &@adedethosome comparisofo determine the percentage

mass loss oveime, the ' derivativewas calculatedisingP y r iSsftare(see Appendix

A). Using this data in conjunction with the thermograthe thermal profile of the unloaded

ethosomes, GC loaded ethosomes and their respective pure components were characterised

The PC is made up the bulk of a phospholipid bilayer serving as a control for comparison. PC
exhibited 3 thermal events accounting for 86.00 % weight loss. First, a minor mass loss
(13126 %) occurred between 25820°C. The second event (64.02 % mkss) occurred at
344.27°C and third event, accounting for 8.86 % mass, lossurred at 360.69C. The
respective %weight loss rates of the three events were 2.972, 22.072 and 2.037weight/min
suggeting that PC degraded rapidly between-38D°C. The final residue ofthe sample was

7.015 % weight.

Unloaded ethosomes exhibited 4 thermal event289.49, 351.38, 374.86 and 451°(H
accounting for a total 87.62 % weight logs significant % weight loss d3.35 % weight
was lost betweeB20i 390°C. Canplemented by the®Iderivative data2 distinct % weight
loss stepsvere identified at 350.9%C and 374.86C with % weight loss rates @2.017 and
14.913 % weight/min respectively. A residue dR2.755% remained at the end of the
experiment at 60%C.
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Figure 7.91: TGA analyses of betamethasone valerate (BMV), hydrocortison
acetate (HCA), phosphatidylcholine (PC)unloaded ethosomesBMV loaded and

HCA loaded ethosomes

According to literature, theesicles are comprised of a hydroethanolic core encompassed by

a phospholipid bilayet.Figure 7.9-1 suggests that PC and the unloaded ethosomes have a
TGA profile. The difference in their respective profiles lies in their rates of decomposition as
well as the % weight of the residue remaining after completion of the experiment. PC
analysis showed that éhbulk of the weight was lost between 32380 °C, whereas the
unloaded ethosomes bulk weight loss appearCifurther between 320 and 390. It was

also noted that 64.10 % and 53.35 % were lost over these respective temperature ranges.

Notably, the conponents of the hydroethanolic core i.eOHandethano] were not detected
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as indicated by the absence of significant weight losses at their respective boiling points of 76

°C and 100°C. This may have been due to their relative concentrations presardrgfhg.

BMV was characterised by 3 events where a change in the slope of the curve was identified
between the temperature range of 260 480 °C. The temperatures at which these events
occurred were aR88.42 337.51 436.58°C with respective ratesf mass loss of 6.027,
20.011 and®.267% weight/min. The fastest rate of mass loss occurred between 310 and 370

°C. At completion of the experiment, 4.950 % mass of residue remained.

BMV loaded ethosomes had 2 thermal events occurring between48PC accounting for

79.90 % weight loss. The first weight loss, occurring at a rate of 14.621 % weight/min,
accounted for 65.784 % weight loss. The second event occurred betweed390C and
accounted for 14.12 % weight loss. A total residue of 13.309 ®xained at 600°C.
Compared to the thermal profile of the pure components (PC and BMV), it was evident that
weak molecular interactions had occurred. The number of events had reduced to 2, with the
greatest significance being the absence of the third paedérg when comparing PC and the
unloaded ethosomes. Compared to the profile of pure BMV, it was noted that the initial mass

loss occurred a higher temperature.

HCA was characterised by 2 events where a change in the slope of the curve was identified
between 250C 1 480°C. The temperaturesf these2 events occurred at 350.31 and 449.56

°C with respective rates of mass loss 690 and-9.746 %veightmin. The fasestrate of

mass loss occurred between 410 and #B0with 6.048 % residudeft at completion of

analysis.

HCA loaded ethosomes had 2 thermal events occurring betweén4B8PC accounting for
86.876 % weight loss. Thédt weight loss, occurred 46869 % weight/min, accounted for
78.224 % weight loss. The second % weight loss betweeit 380 °C accounted for 8.652

% weight. A total residue of 6.716 % remained at 8®D0Compared to the thermal profile of

the pure components (PC and HCA), the temijpee range for degradation had decreased.
This may have been indicative of intermolecular interactions which increased the ionic
strength of the interactions resulting in an increase in degradation onset. Although the number
of thermal events did not chge, the temperature range at which these events occurred had
shifted. Compared to the profile of pure BMV, it was noted that the initial mass loss occurred

at a similar temperature. This may have been due to the presence of HCA which had been
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liberated fran the ethosomes, either asesult of instabiliy during storage or due teduced

membrane integritgfterlyophilisation.

According to literature, the vesicles are comprised of a hydroethanolic core encompassed by
a phospholipid bilayet.Figure 7.9-1 suggests that PC and the unloaded ethosomes have a
TGA profile. The difference in their respectiveoples liesin their rates of decomposition as

well as the % weight of the residue remaining after completion of the experiment. PC
analysis showed that the bulk of the weight was lost between 380 °C, whereas the
unloaded ethosomes bulk weight loppears 16C further between 320390°C. It was also

noted that 64.10 % and 53.35 % were lost over these respective temperature ranges. Notably,
the components of the hydroethanolic core i.eO Hand ethano] were not detected as
indicated by the absenad significant weight losses at their respective boiling points of 76

°C and 100°C. This may have been due to their relative concentrations present after drying.

BMV was characterised by 3 events where a change in the slope of the curve was identified
between the temperature range of 260 480 °C. The temperatures at which these events
occurred were ap88.42 337.51 436.58°C with respective rates of mass lass6.027,

20.011 and®.267% weight/min. The fastest rate of mass loss occurred between 310 and 370

°C. At completion of the experiment, 4.950 % mass of residue remained.

BMV loaded ethosomes had 2 thermal events occurring between4BIPC accountingor

79.90 % weight loss. The first weight loss, occurring at a rate of 14.621 % weight/min,
accounted for 65.784 % weight loss. The second event occurred betweerB98C and
accounted for 14.12% weight loss. A total residue of 13.309 % remained GQ €.
Compared to the thermal profile of the pure components (PC and BMV), it was evident that
weak molecular interactions had occurred. The number of events had reduced to 2, with the
greatest significance being the absence of the third peak evidencangaring PC and the
unloaded ethosomes. Compared to the profile of pure BMV, it was noted that the initial mass

loss occurred a higher temperature.

HCA was characterised by 2 events where a change in the slope of the curve was identified
between 250C i 480 °C. The temperaturesf these2 events occurred at 350.3C and
449.56°C with respective rates of mass loss©b90 and-9.746 %weightmin. The fastest
rate of mass loss occurred between 4C0and 480°C, with 6.048 % residudeft at

completionof analysis.
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HCA loaded ethosomes had 2 thermal events occurring betweéndB8FC accounting for
86.876 % weight loss. Thadt weight loss, occurred 46.869 % weight/min, accounted for
78.224 % weight loss. The second % weight loss betweeii 380 °C accounted for 8.652
% weight. A total residue of 6.716 % remained at 8®D0Compared to the thermal profile of
the pure components (PC and HCA), the gerature range for degradation had decreased.
This may have been indicative of intermolecular interactions which increased the ionic
strength of the interactions resulting in an increase in degradation onset. Although the number
of thermal events did nohange, the temperature range at which these events occurred had
shifted. Compared to the profile of pure BMV, it was noted that the initial mass loss occurred
at a similar temperature. This may have been due to the presence of HCA which had been
liberatedfrom the ethosomes, either asesult of instabiliy during storage or due teduced
membrane integritafterlyophilisation.

7.10. HPLC analyses

HPLC was ued for quantification of the G@aded ethosomal formulations. To ensure
validity of the methods soued from literature, the methods were validated using ICH
guidelines'®® HPLC stock solutions for BMV and HCA were prepamet analysed using
the HPLC method described @hapter 5

7.10.1.BMV chromatogram analysis

Figure 7.10-1: The HPLC chromatogram of BMV showing the betamethasone valera
(BMV)anal yte peak at a retention time o

BMV (Figure 7.101) had a retentiotime 0f9.067+ 0.0Imin with 98.9 £ 0.02 % AUC. The
relative area of BMV is indicative of the purity of the sample. As showrabie 7.101, the
peak resolution was >2 which indicated that it was well separated from other detectable

peaks. Tailing factor was <2 which indicatdtht the sample was well retained on the
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stationary phase and that the column was not overloaded with safipleins were

performed in triplicat¢n=3)

Table 7.10.21: The chromatographic profile data of betamethasone valerate EMV)
(n=3)

Retention

# Peak Tir_ne (ﬁfﬁ) '?‘or/ff Asymmetry Resolution S)_/rrgmr?;ry/
(min)
1 1.617 7.530 0.3 2.133 0 1.559
2 2.583 3.956 0.2 1.750 3.111 1.750
3 3.233 3.712 0.2 1.000 3.540 0.857
4 3.450 11.149 0.5 2.375 0.667 2.250
BMV 9.183 2381.022 98.9 1.273 14.497 1.154

7.10.2.HCA Chromatogram

HCA (Figure 7.17)displayed a retentioime of 3.22+ 0.012 minwith 95.9 + 0.05 % AUC.
The AUCof HCA showed purity of the sample. Trable 7.5,the peak resolution was =hd
tailing factor was <2suggesting well separated peaks, good retention on column and no

sample overloadingAll runs were performed in triplicai@=3)

Figure 7.10.21: HPLC chromatogram of hydrocortisone acetate(HCA) showing ar

HCAanalytepeak at a retention time of appt
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Table 7.10.21: The chromatographic profile data of hydrocortisone acetate

(HCA) (n=3)
# Retention Area Area Assvmetry  Resolution Symmetry/

Peak Time (min) (MAu) (%) ymetry Tailing

1 2.41 3.87 0.1 1500 1.100

2 2.81 12.89 0.4 1.333 2.23 0.861

HCA 3.23 3549.33 95.6 1.500 2.26 1.300

4 4.00 37.42 1.2 4.909 1.87 3.591

5 9.18 82.68 2.7 1.200 10.19 1.083
7.10.3.Linearity

Linearity data was obtaindsy chamagi ng t he i njection &bl

ufhe 2t o

e L, wd lt ht dken as t he t Aleuws weteiperfarmed InQriplica% v al u

(n=3).The standard curve equations obtained were:

10000 -
9000 A
8000 A
7000 -
6000 -
5000 A
4000 -

—8—BMV standard curve
—8—HCA standard curve

y = 3422x + 38,299
R2= 0,999

Area (mAu)

3000 A

y =2360,3x - 1,

R*=0,999

4983

2000 A
1000 -
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w L

Figure 7.10.31: Linearity curves of betamethasone valerate (BMV) an

hydrocortisone (HCA).
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Equation 10: Standard curve of BMV
W oT@W o@ T

Equation 11: Standard curve of HCA

Where:
y = area (MAuU)
X = concentrationmg/ml)

The slope, yintercept, and correlation eof f i ci ent were obtained by
option in Microsoft Excelcoupled with the regression analysis functiéigure 7.10.3-1

shows that both BMV and HCA had a correlatioretficient of 0.999. This indicated that a
correlation of 0.1% could be made using the constructed curve to quantify the concentrations

of GCs n unknown samples using their respective standard curves. Between the specified

concentration ranges, an acceptable linearity was obtained according to ICH guid®lines.

7.10.4.Specificity

L

13
e
[TE
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T T T T T
2 4 L] 8 mn

Figure 7.10.41: Chromatogram of mobile phase(acetonitrile: H,O = 60:40)

The elution ofthe mobile phase (acetonitriesO = 60:40) indicated that there was no
significant overlapping of peaks at the retention times of the GQ@=ak was identified at

4.5 min (Figure 7.10.41). However, it did not correspond to the elution times of neither
BMV (9.1 min) nor HCA (3.2 min)This indicated that the mobile phase was suitable for the
analyes eluted using the specified HPLC method and that it did not interfere with their

guartification.
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7.10.5.Intraday precision (Repeataility ) and accuracy

Table 7.10.51: Repeatability and accuracy of betamethasone valerate EMV) and
hydrocortisone acetate HCA) at a concentration of 1 mg/mi

Peak Calculated Peak  Calculated
BMV % HCA %
area recovery area recovery
sample recovery sample recovery
(mAu) (mg) (mAu) (mg)
1 2393,41 1,00 99,81 1 3630,77 0,99 98,81
2 2368,86 0,99 98,79 2 3637,37 0,99 98,99
3 2378,74 0,99 99,20 3 3660,61 1,00 99,61
4 2390,59 1,00 99,69 4 3650,93 0,99 99,35
5 2396,94 1,00 9995 5 3642,92 0,99 99,14
6 2358,31 0,98 98,36 6 3649,64 0,99 99,31
Average 2381,14 0,99 99,30 Average 3645,37 0.99 99.20
SD 15,28 0,01 0,63 SD 10,62 0.00 0.28
% RSD 0,64 0,63 0,63 % RSD 0,29 0.28 0.28

%RSD = (SD/average) x 100

BMV and HCA wereeachanalysedn = 6)at the theoretical 100% (1mg/ml) vallgach GC
sample was injected at the theoretical 100% value (1mg/ml). Using the linearity curves
constructed in(7.10.31), the mean standarddeviation, % relative standard deviation
(%RSD)and% recovery werealculated Table 7.10.51). According to ICH guidelines, the
limits of recovery should be within 98102 %.'°° The % recovery was 99.20 % and 99.30 %
for BMV and HCA respectively. The results were acceptadethey fell within the
acceptable rangelhis indicated that theesults obtained were reproducildeer a short

period of time using the specified HPLC method.

Accuracy was based on ratio of the measured quaitig/ml) to the calculated quantity.
The% RSD, which should not be more than'%avas compared to evaluate the accuracy of
the method. The % RSD was 0.64 % and 0.28 % for BMV and HCA respectively, indicating

that both GCs passed the accuracy test.
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7.10.6.Inter-day precision

Table 7.10.61. Inter-day precision of betamethasone valerate EMV) and
hydrocortisone acetate HCA) (n=3)

CONCENTRATION (MG/ML)

0,1 0,5 1
Day 1 186,59 1188,34 2393,40
Day 2 188,16 1166,50 2368,%
Day 3 191,37 1150,62 2378,73
sMV Average 188,70 1168,49 2380,33
SD 2,43 18,94 12,35
% RSD 1,29 1,62 0,51
Day 1 287,27 1785,18 3530,77
Day 2 281,58 1768,96 3537,37
HCA Day 3 288,14 1787,37 3560,61
Average 285,66 1780,503 3542,91
SD 3,56 10,05824 15,67
% RSD 1,24 0,56 0,44

%RSD = (SD/average) x 100

The interday precision was validated using the method discuss€tiapter 5.The % RSD

was calculated and the results of the study are showrate 7.7. The results show that
BMV had %RSDs of 1.29, 1.62 and 0.51 % for con@ins of 0.1, 0.5 and 1 mg/ml,
respectively. HCA had % RSDs of 1.24, 0.56 and 0.44 % for concentrations of 0.1 0.5 and 1
mg/ml, respectively. All % RSDs were within the acceptable limits 8f%, indicating that

the results were reproducible over 3 days.
7.10.7.Limit of detection and Limit of quantification

For both BMV and HCA, the limit of detection (LOD) and limit of quantification (LOQ) was
calculated usindgequation 5 andEquation 6, respectively. The results, determined using the
standard curve equations generated for linearity, are displayleabla 7.8 Both GCs had a
lower limit of detection and quantification of 0.002 mg. This suggested that any values
obtained that were < 0.2 %f the 1 mg/ml samples would be unquantifiable using the

obtained standard curves.

135



Chapter 7: Results and Discussion
Loaded ethosomal formulation development

Table 7.10.71: Limits of detection and quantification of betamethasone valerateBMV)
and hydrocortisone acetate HCA) (n=3)

BMV HCA
Peak area Peak area
Mass (mg) Mass (mg)
(mAU) (mAU)
LOD 0.055 0.002 0.0951 0.002
LOQ 0.168 0.002 0.288 0.002

LOD = limit of detection, LOG= limit of quantification

7.10.8.Robustness

Crvest Syt ot 8,17 i Corvent Squrctrem ot 138 min

BMV i HCA

Figure 7.10.#1: Chromatograms of betamethasone valerate BMV) and
hydrocortisone acetate HICA) showing the effect of change in wavelength
detection of the analyte. The initial wavelength (254 nm) is shown as a
chromatogram; the altered wavelength (240 nm) is shownas a blacl

chromatogram.

Due to the presence of a PDA detector all samples were scanned franvy@9Gm on the

Knauer AzuraHPLC systemin the process of determining robustness, it idastified that

the change in wavelength from 254 to 2%#0 whilst maintaining the other chromatographic
conditions, increased the area under the curve of the chromatograms at the retention times of
the analyte of interest. This discovery allowed for the detectigreater amounts of analyte,

and subsequent pnoved quantification limits for lower concentratiods such, the HPLC

methods were optimised to use 240 nm instead of 254 nm as stated in’the BP.
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7.11. Drug loading and Encapsulation efficiency

Table 7.11-1. The encapsulation efficiency (EE) and drug loading (DL) of
betamethasone valerate EMV) and hydrocortisone acetate HCA) loaded ethosomes
(n=2)

Formulation Ethosome API API in API EE DL % API

mass (g) direct Supernata in2 (%) (%) recovere
(mg/2 nt(mg/15 ml d
ml) ml) (mg)

Unloaded

ethosomes 1,93 N/A N/A N/A N/A N/A N/A

crude

Unloaded

ethosomes 1,92 N/A N/A N/A N/A N/A N/A

extruded

BMV loaded

ethosomes 1,94 1,37 0,61 1,97 69,25 13,85 98,67

crude

BMV loaded

ethosomes 1,91 1,56 0,53 2,10 7457 1491 104,86

extruded

HCA loaded

ethosomes 1,94 0,59 1,08 1,67 35,22 7,04 83,59

crude

HCA loaded

ethosomes 1,95 0,70 1,18 1,88 37,30 7,46 94,21

extruded

HCA and BMV werequantifiedusingcalibration curves generated usihg validated HPLC
method. Samples were prepaiEsidescribed iChaptes 5. Using the data generated from
the standard curves to determine the mass of the ARIgnitapsulation efficiency (EE) and
drug loadingDL) were calculated usingquations 8 and 9respectively.

As seenin Table 7.1%1, BMV had an encapsulation efficiency of 69.25 % and 74.57 % for
crude BMV loaded ethosomes and extruded BMV loaded ethosomes respectively. This
indicated that extrusion increased #heEE for BMV loaded ethosomes relative to the crude
formulation. The inmease in% EE may have been due to the increase in surface area
associated with the decrease in particle size, thus increasing the capacity for BMV within
loaded ethosomes. A DL of 13.86 and 14.81% was achieved for crude BMV loaded
ethosomes and extrudlMV loaded ethosomes respectiveowever,crudeHCA loaded
ethosomes and extruded HCA loaded ethosomes had EEs 2# @&b5.and 3730 %

respectively. Although these results, apart from reducing particle size, also support the
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rationale for extrusion, thEE was poor relative to BMV loaded ethosomes. This may have
been due to the polarity of the compounds. HCA is more polar and is relatively more soluble
in ethanol than BMV. HCA had a greater affinity for thgdroethanolic phasevhereas
BMV had a greateaffinity for the nonpolar environment associated with the PC. These
differences in the dispersion of the GCs within the ethosomal solvent system influenced the

respective EE&°1%8
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Figure 7.11-1: The encapsulation efficiency (EE) and drug loading (DL) of crud
and extruded ethosomes loaded with betamethasone valerate (BMV) ¢

hydrocortisone acetate (HCA).

The drug loading (DL) is an expression of the % of API in the formulation relative to the
amount of excipientsCrude BMV loaded ethosomes, extruded BMV loaded ethosomes,
crude HCA loaded ethosomes and extruded H@#led ethosomes had ® of 69.25 %,

74.57 %, 35.22 % and 30 % respectivelyFigure 7.11-1). Based on these results, it is
evident that extruded ethosomes had a higher DL than their crude counterparts and that BMV
had a higher DL compared to HCA. The DL is a parameter #mtvhry little value when

used in isolation when characterising a nanoparticle. Used in conjunction with other variables
such as the EE, drug release and drug flux it may have more italsiemportant to note

that, the mass of the solvents waret con&dered in this expression as their mass is
influenced by the drying efficacy and is difficult to quantify. Considering that ethosomes are
nanavesicles with a hydroethanolic core, the mechanism by which the solvent system is
removed will influence the mass the residual moisture. A higbL is favourable when
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looking at the cost oproduction of the ethosomes. Ethosomes were prepared using PC,
which is an expensive polymer that constitutes the phospholipid bilayer. Although an
increased DL may be favourable economically, it is important consider its effect on other
vesicle propertiesuch as membrane flexibility and integrity as well as drug release. A higher
DL is also more advantageous when considering the side effect profile of the polymer, as a
low DL may lead to an increased risk of polymer toxicity. However, in this scenaatosth
not of concern as PC is a biocompatible polymer and establishing its potential risk of toxicity
is not in the scope of this stud$

The percentageof API recovered was tracked to determine the amount of waste during
synthesis. These results were obtained by adding the mass of BMvemedan direct
analysis after lysiandinduced with the mass of BMV in the supernatant after purification.
This is another ariable with economic valu&he percentage recovery is useful in tracing
events of APl mass loss or gain which directly influettee % EE.A BMV recovery of
98.67% and 104.86% was achieved for crude BMV loaded ethosomes and extruded BMV
loaded ethosomesespectively.BMV mass lossmay have occurred upon transfef the

sample and a gain in mass may have occurred upon recdimtitof the pellet after
centrifugation with a lower volume of solvent or an error with dilutithano] a volatile
solvent, may have evaporated, thus rendering samples more conceFriatius reason, it

was important to keep all vials containing agbmes in suspension tightly sealed.
percentageHCA recovery of8359 % and 94.21 % was achieved for crude HCA loaded
ethosomes and extruded HCA loaded ethosomes respectivesdy. HCA was recovered
relative to BMV. Surprisingly, lessAPI was recoveredfrom crude ethosomes relative to
extruded ethosomes. It is possible that the formation of smaller, more compact ethosomes
may have increased the stability of the encapsulated APIs. It is also possible that extrusion, as

a comminution techniquéasa directimpact on the DL.
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7.12. Conclusion

The objective ofthe experiments conducted in this chaptasto characterise the ethosomes
according to their physical and chemical stability andd&germine the influence of
corticosteroid loading orthe particle sizepolydispesity index andzetapotential. The
objective was met by loading ethosomes with BMV and H&Al analysing the loaded
samplesDLS results indicated that the size of the loaded ethosomes met the HdExdkand
criteria for topical drug delivergfter extrusion Conversely, sonicated samples did not. As a
result, extrusion was employed for the comminution of all subsequent ethosomal
formulations.SEM analysis indicated a spherical morphology for CM ethosomes. However,
ethosomes prepared using the HM laadirregular shape. TheéM was then accepteas a
suitable method for the formulation of ethosomes for topical deliengapsulation was
confirmed using FTIR and thermoanalyses. The EE and DL was determined for the HCA and
BMV loaded samples using a iddted HPLC method. HCA loaded samples had a poor EE

and DL relative to the BMV loaded samples.

140



UNIVERSITY orthe

W ™ N
K] v
M M
\ 7, WESTERN CAPE
N Iy
P
> &
-




Chapter 8: Results and discussion

Loaded ethosomes with cholesterol

8. Introduction

After determining the effect abrticosteroid loaded ethosomes on mean HBB), and ZP
relative to theunloaded ethosomes it was established tifxgit encapsulation maintained the
ideal properties fottopical drug delivery A desirable dug loading (DL) and encapsulation
efficiency(EE) was achieved for BMV loaded ethosomes but HCA loaded ethosomes required
improvement. As such, Cholesterol (Chol) was included into the ethosomal formulations to
increase the EE whilst maintaining the ideal properties timpical drug delivery The
unloaded, BMV loaded and HCA load€tol ethosomes were characterised to determine the
effect ofcholesterol on theneanHdD, Pdl and ZP relative to thethosomes without Chol
Additionally, the drug release and release kinetics using mathematical modelliege w

determinedising high performance liquid chromatography (HPLC).

142



Chapter 8: Results and discussion
Loaded ethosomes with cholesterol
8.1. The effect of cholesterol on the sizdistribution and zetapotential of unloaded,
BMV loaded and HCA loadedChol ethosomes

Guided by the results achievedG@mapter 7 a series of new @erimental formulations were
prepared using the CMith slight modifications Relative to the HM, the CM results were
more reproducible and reliabl€o test the parameters, prepared samples were analysed using
dynamic light scattering (DLS) and the reswdte shown irFigure 8.1-1 and Table 8.11.

Ideally, the particle size faopical drug deliveryis ~200 nm and &dl < 0.5 indicates an
acceptable particle size distribution.cAp= £30 mV is an indication of good stability of an
ethosomal colloidal suspension. Crude formulations refer to ethosomes which were analysed
directly after synthgis without comminution. Based on the results achieve@hapter 7
extrusion was utilised exclusivelyjor comminution as the results were reliable and

reproducible.

Table 8.1-1: The size distribution and zeta potentialof unloaded, betamethasone
valerate (BMV) loaded and hydrocortisone acetate (HCA) loaded dtesterol (Chol)
ethosomes at cholesterol concentrations of 7ndg/ml, 10mg/ml and 15 mg/ml.

FORMULATION HdD (d.nm) Pdl Z.P (mV)

Chol7 5 crude 521.74+45.95 0.08 -2.71
Chol7se 223.21+60.33 0.21 -0.99
Chol7sheaE 210.2+55.05 0.21 -1.08
CholzsemvE 167.8+52.55 0.19 -3.29
Cholig crude 537.4+40.11 0.66 -2.22
Choloe 224.04+48.18 0.23 -6.96
Cholioneae 252.91+47.36 0.15 -1.64
CholioemvE 183.79+37.39 0.11 -1.68
Cholis crude 548.12+50.60 0.34 -0.99
Cholise 367.38+74.05 0.25 -1.83
Cholisneae 247.25+72.10 0.187 -1.87
Cholisgmv E 205.68+43.50 0.159 -1.88

BMV = betamethasone valerate, HCA = Hydrocortisone acdiateextrudedCrude = no
comminution.
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Ethosomes had a unimodal size wlsttion (Figure 8.1-1). According to literature, the
addition of cholesterol tanloadedformulations resultsn an increased ethosomal mean
HdD.'** The size range (500550 d.nm)of unloadedChol ethosomesrelative to the size
range of ethosomes without cholesteat@cussed previouslf~300 d.nm)was congierably
larger.The size of the unloaded extruded ethosomes reduced by maor&@ %, relative to
the crude samplesniboth formulations cotaining 7.5 mg/ml and 10 mgl. Extruded
ethosomes prepared using ah@gcholesterol concentratigh5 mg/m), were larger in size
relative to the aforementioned formulations. When extrudhmgse ethosomes, the back
pressure in the syringe was notable and increased the difficulextafsion This back
pressure resulted slower extrusiona complete halt of the extrusion process or the rupturing

of the extrusion membrane, due to the sle®me.
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Figure 8.1-1: The size distribution and zeta potentialof unloaded, betamethasor
valerate (BMV) loaded and hydrocortisone acetate (HCA) loaded cholesterol (Ch
ethosomes at cholesterol concentrations of 7m&a/ml, 10ma/ml and 15 ma/ml.
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From a mechanical perspective, this may have indicatedhisstethosomes were more rigid
in structure and lacked the elasticity of the ethosomes synthesised usitigiggml and 10
mg/ml cholesterol concentratioRossibly owing to the presvation of vesicle flexibilitythe
results of the mean HdDf ethosomes synthesised using 7.5 and 10 mg/ml choleaterol

similar.

The size of crude ethosomes increased once loaded with either BMV or HCA. However,
analysis of extruded ethosomes showleat the inclusion of GCs resulted in a decrease in
mean HdD.This trend occurs for all formulations extdgCA loaded ethosomes with a
cholesterol concentration of 10 mg/mlhereethosomesize increasedt is possible that, due

to its relatively greateethanolic solubility, the HCA may have been present in the bulk
medium and that the increased HdD may have been attributed to a greater of composition of

cholesterol within the ethosome.
8.2. The effect of cholesterol on th&dl of ethosomes

Apart from ethosomes prepared with a cholesterol concentration of 10 mg/ml, the Pdl was
within the acceptable range of <0.5, with only the crude 7.5 mg/ml cholesterol formulation
possessing a morttispersion of <0.1. With a Pdl of approximately 0.67, thade
ethosomes with a cholesterol concentration of 10 mg/ml had an increased size distribution
relative to the other concentratioi&able 8.11). Although exrusion improved the PdI for

10 mg/ml and 15 mg/ml concentrations, the Pdl of the ethosomes mogtad.5 mg/ml of
cholesterol did not show a size distribution trend similar to the aforementioned
concentrations. After extrusion of these ethosomes, the PdI changed from being in an ideal
monodisperse state to an acceptable polydispersity. Converseliettd of the 10 mg/ml

and 15 mg/ml cholesterol formulations were similar. The ethosomes had respective
improvement in the PdI after extrusion, after the BMV and HCA loading, respectively. The
loading of the APIs influenced the size distribution of ethws® which may have been due

to the fact that they are derivatives of cholesterol and could have influenced the ethosomal

morphology by a similar mechanism.
8.3. The effect of cholesterol on theeta potentialof ethosomes

As shown inFigure 8.1-1, dl of the ctolesterol containing ethosomes showed no difference

in the ¢ pand maintained stability associated with swift flocculation. @%). The
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concentrations of cholesterol did not influence the stability of the ethosomes within the
colloidal system and aggloméi@ was appareniThe selection criteria for further analyses
were based oathosomes with the following propertigmrticle size <200 nm,PdI<0.5¢ p
= +30. Based on these results, a cholesterol concentration of 7.5 mg/ml was chosen based on
the smallest particle size and accept&tdé Thee findings weredocunented and discussed

but still requireoptimisation in future studies

8.4.A comparison of the HdD, Pdl and ¢ pof unloaded, BMV loaded and HCA

loaded ethosomes, with and without cholesterol

Table 8.4-1: A comparison of the HdD,Pdl and ¢ f unloaded, BMV loaded and HCA
loaded ethosomes, with and without cholésrol. (n=3)

FORMULATION HdD (d.nm) PdI & gmV)
Unloaded etbsomes 153,1#32,28 0,14 -4.34
UnloadedChol ethosomes 223,230.325 0,21 -0.994
BMYV loaded etlessomes 163,8:31,99 0,11 -3.82
BMV loadedChol ethosomes 167,526.55 0,19 -3.29
HCA loaded etbsomes 147,A19,91 0,049 -3.31
HCA loadedChol ethosomes 210,4:17.% 0,021 -1.08

In Table 8.41, the addition of cholesterdignificantly increased the HdD of unloaded
ethosomesand HCA loaded ethosomdsy 45 % and 42%respectively. As reported in
literature, the increase in particle size may be directly attributed to the addition of cholesterol
as an excipient. It was interesting to note that, althatlgilesterolhas been reported to
increase the rigity of ethosomesthe ethosomes were extruded througheanbrane with a

fixed pore size of 0.1 umrhe effect ofcholesterolddition was much more apparent in the
laboratory where manual extrusiphysicallybecame more difficult. vas expected that the

size of the etbsomes would decreaddowever, he increase in siz@ay haveresuledfrom

the lowe pwhichlead toagglomeratiorand subsequentinfluenced the analysis when using
DLS.DLS, as a patrticle size technique, has its limitations where it is assumed thatnible
analysed is spherical. It does not discriminate against different geometries and lamellarity. It
is possible thaMultivesicular vesiclesNIVVs) fall in the same limitation brackdn Figure

8.1-1, the size distribution indicates that ethosomesdsk 100 nm are present in the samples
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analysed. It is possible that the particle size distributioi s t hus a refl ecti o

agglomeration of such vesicles.
8.5. SEM analysis of corticosteroid loaded Chol ethosomes

Ethosomes were dried for solithee analyses andl subsequent solidtate analyses such as
FTIR, HSM, DSC and TGA were conducted using these dried sanipliesl GC loaded
ethosomes were analysed using the SEM method to determine the difference in the
morphology of the corticosteroitbaded ethosomes after the addition of cholesterol. The
intended viable nanovesicles as API carriers for transdermal permeation, a spherical
morphological shape is favourable. To compare the influence of cholesterol, GC loaded

ethosomes were prepared sitankeously and analysed using SENgure 8.51).

Analysis of the morphology at different magnification showed that BMV loaded ethosomes
had a spherical shape. The appearance of the ethosomes as an agglomeration of spherical
nanovesicles corroborates theg+5 mV) which indicates swift flocculation. HCA loaded
ethosomes had a spherical shape at higher magnification which indicated that specific areas
in the sample had effective signs of encapsulation. At lower magnification showing a more

diverse spread dhe sample, ethosomes of an irregular shape were observed.

In contrast, the ethosomes containing cholesterol depict a different morphology. BMV loaded
Chol ethosomegFigure 8.51) appear as multivesicular vesicles (MVVs). Agglomeration of
spherical naneesicles is evident, however, the scale at the highest magnification shows that
the vesicles are considerable smaller. This may be corroberated by the DLS findings where
this analytical technique is not able to discriminate between MVVs and all sam@easze
based on the premise that the particles are sphericle. This may allude to the notion that

optimisation of thes po £30 mV may result in ethosomes of an even smaller size range.

HCA loaded ethosomes had a spherical shape at higher magnificatidn indiicated that
specific areas in the sample had effective signs of encapsulation. Lower magnification,
showing a more diverse spread of the sample, disgkethosomes of an irregular shape. This
may have indicated that the vesicles were instable ant tttey ruptured during

lyophilisation. As such, it is possible that the drying process requires optimisation.
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Figure 8.51. SEM analyses of betamethasone valerateB§V) loaded and

hydrocortisone acetate ICA) loaded ethosomeswith and without cholesterol, taken

at magnification (Mag).
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The addition of cholesterol to produce HCA loadétol ethosomes had changed the
morphology to produce spherical ethosomes. These ethosomes appeared to be more stable
with the absence of recrystallizédiCA, as seen in the HCA loaded ethosomes without
cholesteral Overall, it was evident that that the there was a change in the appearance of the
ethosomes after the addition of cholestenoth BMV loaded ethosomes appearing as BMVs

and HCA acquiring a more spherical shape.
8.6.FTIR of analysis of BMV loaded and HCA loaded Chol ethosomes.

FTIR spectroscopyfFigure 8.6-1) was conducted to identify the functional groups within the
diagnostic region attributed to HCA and BMV loaded Chol ethosomes. The spectrograms
were compared with the BMV and HCA loaded ethosomes to identify changes in the
intermolecular interactions resulg from the addition of the cholesterol The samples
analysed were from the same batch as the ethosomes prepared for SEM analyses.

Chol ethosomes displayed a weak broad barg8é8.30cm™ indicating the presence of-O

H/ N-H stretches. Similar to PC filings, these bands corresponded to tHé $tretch on the
conjugated ammonium phosphate ion or intermolecular hydrogen bonding. A weak sharp
alkene CH stretch, corresponding to unsaturated carbon chains was identified at 3010.66 cm
L with subsequent strgnsharp alkane stretches present at 2924.22 and 28537 Ada+O

stretch was identified at 1736.75 ¢which was attributed to the carbonyl of an ester and the
sharp medium peak at 1466.12 toorresponded to alkanel€bending.

Similar to BMV loaded #hosomes, BMV loaded chol ethosomes displayed a large negative
shift in wave number as the-l¥ N-H stretches at 3363.30 ¢nhad decreased ®264.98

cmi’. This large shift in wave number was due to a stronger chemical interaction between the
BMV and thePC as they both possess polar electron withdrawing group regions. The large
decrease in wavenumber was been due to interactions between the electronegative oxygen
and fluorine atoms resulting in hydrogen bonds. This resulted in reduced bond length
resultirg in a higher vibration of the {M/O-H stretch and a subsequent lower wave number.
Similar to BMV loaded ethosomes, a weak C=C stretch appeal&#®65 cm’. This again

was indicative of an intermolecular interaction between BMV and PC. ConsideringGhat

was incorporated at a higher % m/m concentration relative to BMV in the ethosomal

formulations, this was a notable finding because C=C stretches were not evident in PC.
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Figure 8.6-1: FTIR spectrograms of betamethasone valerateBMV) loaded and
hydrocortisone acetate KICA) loaded ethosomeswith and without cholesterol
Arrows indicate peaks shifts in wave number and/or intensity occurred and/c

absence/appearance of new peaks.

HCA loadedChol ethosomesédd a FTIR profile similar to that einloadedethosomes with 2
distinct differences in the characteristic banidse O-H/ N-H stretchesdentified in unloaded
Chol ethosomes a8363.30 cm™* shifted to 3285.8cmi’. This was an indication that an
interaction between GH/ N-H of the PC and the hydroxyl groups of HCA occurred.
Typically, primary amines display two distinct wealedium bands a8400-3300 cmi‘and
33303250 cmit. However an @H stretch occurring between 353200 cm* was also
identified within this region. Therefore, the exact functional group interaction remains

unclear but is evident. Secondly, an alkene C=C stretch appeared at 167M3.00 was
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