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ABSTRACT

Whilst antiretroviral drugs (ARVs) have significantly improved treatment of Human
Immunodeficiency Virus infection and Acquired Immune Deficiency Syndrome (HIV and AIDS),
several limitations exist with their oral route of administration. Several orally administered ARVs
such as, didanosine, saquinavir, tenofovir and zidovudine are associated with low and erratic
bioavailability due to extensive first pass effect (FPE) as well as gastrointestinal (Gl) acids and
enzymatic degradation. Moreover, the half-life for several ARV drugs is short, which requires
frequent administration of doses leading to systemic side effects and decreased patient
compliance. Alternative routes of administration, such as buccal, rectal and vaginal, are widely
investigated in the literature. Buccal delivery of drugs may therefore overcome the above
limitations by bypassing FPE and GI degradation, thus improving bioavailability. Furthermore,
drug absorption following buccal administration is not influenced by the potential variations in
the gastric emptying rate or the presence of food. However, drug absorption can be limited by
low buccal permeability due to the epithelial lining the mucosa. Identifying optimal novel
enhancers is paramount to designing and developing drugs as buccal delivery systems. In an
attempt to explore the potential of the buccal mucosal route for the delivery of an ARV drug
using didanosine (ddl) as a model drug, the aims of this study were to: 1] investigate the
permeability properties of ddl across the buccal mucosa route in order to determine its
suitability for development as a buccal delivery system, 2] determine the effects of novel
permeation enhancers, i.e. aloe vera gel (AVgel), oleic acid (OA) and its novel synthesized
oleodendrimer derivatives, on the buccal permeability of ddl, and 3] to find out (through histo-
morphological evaluation) whether ddl and the novel enhancers, i.e. AV gel and novel OA

derivatives have any toxic effects on the buccal mucosa.

The buccal mucosa was harvested from pigs, and all the excess connective tissue was
surgically removed. In vitro buccal permeation experiments were undertaken using modified
vertical Franz diffusion cells, with phosphate buffered saline pH 7.4 (PBS) at 37 °C. ddl was
quantified at 250 nm using a validated UV spectrophotometric method. The histomorphological
evaluations were undertaken using light microscopy (LM) and transmission electron

microscopy (TEM).

ddl permeated through the buccal mucosa and its permeability was concentration-dependent.
A linear relationship (R? = 0.9557) between the concentrations and flux indicated passive
diffusion as the mechanism of drug transport. AVgel, at concentrations of 0.25 to 2 %w/v,
significantly enhanced ddl flux (p<0.05), with permeability enhancement ratios from 5.09 (0.25

%w/v) to 11.78 (2 %wl/v), but decreased permeability at 4 and 6 %w/v. OA and its derivatives,
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i.e. ester (OA1E), the dicarboxylic acid (OA1A), the bicephalous dianionic surfactant (OA1ANa)
and their parent compound, OA, all enhanced the buccal permeability of ddl. OA, OA1E, OA1A
and OA1ANa at 1 %w/w all showed potential, with enhancement ratios (ER) of 1.29, 1.33, 1.01
and 1.72 respectively. OA1ANa at 1 %w/w demonstrated the highest flux (80.30 + 10.37 pg
cm -2.hr), permeability coefficient (4.01 £ 0.57 x 10 -3cm hr') and enhancement ratio (1.72).
The highest flux for ddl (144.00 + 53.54 ug cm -2.hr) was reported with OA1ANa at 2 %w/w,
which displayed an ER of 3.09 more than that with ddl alone (p=0.0014). At equivalent
concentrations, OA1ANa (ER=3.09) had a significantly higher permeation enhancing effect
than its parent OA (ER=1.54).

Histomorphological studies showed that ddl did not have any adverse effects on the buccal
mucosae. Ultrastructural analysis of the buccal mucosae treated with phosphate buffer saline
pH 7.4 (PBS), ddI/PBS and ddI/PBS/AVgel 0.5 %w/v showed cells with normal plasmalemma,
well-developed cristae and nuclei with regular nuclear envelopes. However, cells from 1, 2 and
6 %w/v AVgel-treated mucosae showed irregular nuclear outlines, increased intercellular
spacing and plasmalemma crenulations. AVgel enhanced the buccal permeation of ddl and
0.05 %wl/v was identified as a potentially safe and effective concentration for developing and
optimizing buccal delivery systems. OA1ANa at all concentrations, except 6.0 %w/w had no
adverse effects on the mucosae. OA1ANa at 2 %w/w was identified as a potentially safe
concentration, and the optimal novel OA derivative that can widen the pool of fatty acid
derivatives as chemical permeation enhancers for buccal drug delivery. The cellular changes,
such as vacuoles formation and increased intercellular spaces, were attributed to the buccal

permeation enhancing effects of AVgel and OA1ANa.

The results in this study confirmed the potential of buccal delivery of ddl, identified permeability
parameters of ddl across the buccal mucosa and its permeability enhancement by both AVgel
and OA derivatives as novel permeation enhancers. The study showed that both OA1ANa at
2 %w/w and AVgel at 0.5 %w/v, or lower concentrations, can be used as buccal permeation
enhancers to develop and optimize novel buccal delivery systems for ddl to improve ARV
therapy. The novel enhancers are recommended for selection as buccal permeation
enhancers, to design and optimize dd| buccal delivery systems, and application to other ARV

drugs for improved therapy.
Keywords: HIV and AIDS, Antiretroviral drugs, Buccal, Didanosine, Permeation enhancer,

Aloe vera (L.) Burm. F. (Aloe barbadensis Miller), Oleic acid derivatives, Histomorphology,

Transmission electron microscopy.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The background to the studies presented in the thesis is described in this
chapter. The potential of the buccal mucosa route to address the limitations of
other routes of administration are highlighted. It outlines the epithelium lining
of mucosa as the barrier to drug permeation and proposes strategies to
address this. It also describes aloe vera gel (AVgel) as a permeation enhancer
from natural product origin and derivatives of fatty acids as chemical
permeation enhancers (CPE). The aim and the objectives of the study, its
significance and novelty as well as a general overview of the thesis are further

presented.

1.2 BACKGROUND

This section presents a quick overview of buccal delivery and applicability to
various drugs and disease conditions. The strategies to enhance permeation
of drugs across the buccal mucosa including the use of permeation enhancers
was highlighted. Further, the status of HIV and AIDS, the challenges of current
ARV therapy as well as motivation for buccal delivery of ARV drugs were

highlighted.



1.2.1 BUCCAL DELIVERY

While the oral route is convenient and remains the most popular and preferred
route of drug administration by both patients and healthcare practitioners, it has
several disadvantages (Morales and McConville, 2014; Sattar et al., 2014; Sohi
et al., 2010). These include degradation of drugs due to acid and enzymatic
attack in the gastrointestinal (Gl) tract, as well as susceptibility to first pass
hepatic metabolism, thereby reducing drug bioavailability and necessitating
higher doses for administration (Desai et al., 2012). A major area of research
is therefore seeking alternative routes of drug delivery, such as transdermal
(Chen et al.,, 2013; Lam and Gambari, 2014; Patel et al.,, 2012a), buccal
(Morales et al., 2013; Senel et al., 2012; Zeng et al., 2014) and vaginal (Berginc
et al., 2014; D'Cruz and Uckun, 2014; Ghosal et al., 2014; Ndesendo et al.,

2008).

The buccal route is receiving increasing interest, as it is an attractive alternate
and non-invasive site for delivering both locally and systemically active drugs
(Dhiman et al., 2009; Teubl et al., 2013). Drug in a dosage form, such as films,
patches and gels, is applied and adheres to the mucosa lining, the inner cheeks
of the mouth, where drug is absorbed (Hearnden et al., 2012; Patel et al.,
2011). The buccal mucosal route has several advantages. It avoids the
degradation of drugs by both the Gl acids and enzymes and bypasses hepatic

first pass metabolism, thereby improving the systemic bioavailability of various



drugs (Madhav et al., 2012; Singh, 2013). Furthermore, absorption following
administration via the buccal route is not influenced by potential variations in
the gastric emptying rate or the presence of food (Li and Chan, 1999;
MacBrayne et al., 2014). The permeability of the buccal mucosa is also higher
than that of the skin (Patel et al.,, 2011), and a lower loading dose in a
transbuccal device could provide the same therapeutic effect as a transdermal

patch.

Moreover, the buccal mucosa has a larger area for drug application, and has
good accessibility compared to other mucosae, such as the nasal, rectal and
vaginal (das Neves et al., 2011; Mallipeddi and Rohan, 2010; Ndesendo et al.,
2008). In addition there is increased ease of dosage form application and easy
removal if therapy is required to be discontinued. Various classes of drugs,
including antiretroviral (zalcitabine (ddC), tenofovir (TFV), and saquinavir
(SQV)) (Rambharose et al., 2014b; Shojaei et al., 1999; Xiang et al., 2002),
non-steroidal anti-inflammatory) (piroxicam) (Attia et al., 2004), opiate
(morphine) (Senel et al., 1997), proton-pump inhibitor (omeprazole) (Figueiras
et al., 2010), anti-diabetic hormone and blood glucose lowering
agent(insulin)(Morales et al., 2014; Xue et al., 2012) and (beta blocker) (e.g.
metoprolol) (Patel et al., 2012b), have been studied for delivery via the buccal
mucosa to exploit its above advantages. The buccal route therefore has wide

applicability for diverse drugs and disease conditions.



Some disadvantages include:

1) the buccal epithelium lining the mucosa is a barrier to drug permeation
which reduces the bioavailability of drugs applied via the buccal route
(Hearnden et al., 2012).

2) the bucal mucosa is largely hindered by the thickness of mucus
viscoelastic layer and a continuous secretion of the saliva which may
potentially lead to drug dilution, lowered drug concentration, and reduced
bioavailability (Madhav et al., 2009).

3) the chewing and swallowing of food can potentially lead to drug loss due
to involuntary removal and swallowing of the dosage form and drugs from
the application site as well as may cause possible hazard of choking

(Heemstra et al., 2010).

However, these disadvantages are superseded by the advantages, and the
delivery of drugs via the oral mucosal route and modification of dosage forms
are currently a major focus of international pharmaceutical science research
for enhancing drug therapy. Studies on buccal delivery will contribute to
developing cost-effective dosage forms, leading to an improved disease
management, improved quality of life, and ultimately a reduction in health care
costs both in South Africa and internationally. An improved economy at a
global level is expected with improved drug therapy, as better drug treatment

will lead to a reduction in work absenteeism, promote better work output and



general health state of the global community. Therefore, strategies to enhance

the formulation and properties of buccal delivery systems are essential.

1.2.2 PERMEATION ENHANCEMENT STRATEGIES FOR BUCCAL
DRUG DELIVERY
One of the main challenges with buccal mucosal therapy is its limited mucosal
permeability due to the epithelial lining of the membrane which acts as a barrier
to drug permeation (Giannola et al., 2007; Sattar et al., 2014; $Senel and Hincal,
2001; Teubl et al., 2013). The outermost layer of the stratified squamous
epithelium is non-keratinized, covered by a thin layer of mucus and is
comparatively thicker than the rest of the oral mucosal lining. The basement
membrane lies directly underneath the epithelium, followed by the lamina
propria and the submucosa. The mucosa is made up of about 40-50 cell layers
and a thickness of 500—800 ym has been reported (Dodla and Velmurugan,
2013; Pather et al., 2008). The mucosal structure thus contributes to the
challenges and factors that are responsible for the limited buccal permeability
of drugs. Enhancing permeation of drugs across the buccal mucosa is
therefore critical for optimizing bioavailability of various drugs (Hearnden et al.,

2012; Madhav et al., 2012).

Maximizing the bioavailability of several drugs after buccal administration for
absorption through the mucosal lining will be beneficial to reducing intra and
inter subject variability as well as side effects of the drugs (Kapil et al., 2013;

Patel et al., 2012b). Moreover, the cost of manufacture will be reduced by



decreasing drug wastage owing to its low systemic bioavailability (Aungst,
2012), especially where drugs have limited permeability and subsequently low
bioavailability. Hence, the use of permeation enhancing strategies in many
cases is essential to overcome the limited permeability of the buccal mucosae
for improved buccal drug delivery (Hassan et al., 2010; Senel et al., 2012; Sohi

etal., 2010).

Approaches to promote buccal permeation of drugs thus include the use of
chemical permeation enhancers and physical methods, such as particle size
reduction by ball milling (Hu et al., 2011a; Hu et al., 2011b; Rambharose et al.,
2014a; Rao et al., 2011). Other approaches include ultrasound and electrical
assisted methods (iontophoresis and electroporation), as well as thermal
enhancement (Morales and McConville, 2014; Senel et al., 2012; Wei et al.,
2012). A buccal delivery system that employs a permeation enhancer to deliver
insulin is commercially available. The system uses bile salts encapsulated as
an enhancer in mixed micelles for improved hypoglycaemic therapy (Palermo
et al., 2011). There is therefore a scope to develop buccal drug delivery

systems to utilize permeation enhancers for improved buccal drug delivery.

1.2.3 PERMEATION ENHANCERS FOR BUCCAL DELIVERY

Permeation enhancers are substances or techniques that are widely used in
promoting the permeability of drugs across mucosal membranes including
buccal mucosa. Chemical permeation enhancers (CPEs) have been employed

and proved promising for enhancing permeability of various drugs (Hassan et



al., 2010; Sohi et al., 2010). Examples include bile salts, fatty acids and
surfactants, i.e. sodium deoxycholate for 5-FU (Pendekal and Tegginamat,
2012), oleic acid for clonazepam (Sakata et al., 2011) and sodium dodecyl
sulfate for insulin, caffeine and estradiol (Bernstein, 2008; Nicolazzo et al.,
2004). The discovery of new permeation enhancers and the careful selection
for buccal permeability enhancement of drugs are essential to optimize drug

delivery via the buccal route.

1.2.3.1 ALOE VERA GEL

Currently, there is an increasing interest in drug products that either are of
natural origin or contain components of natural products. Permeation
enhancers from natural origin have become popular as they offer numerous
benefits over their synthetic counterparts. These benefits include sustainable
mass production from renewable resources as well as lower cost of production
depending on the extraction method used (Fox et al., 2011; Maurya et al., 2006;

Rodriguez-Gonzalez et al., 2012).

Aloe vera (Aloe barbadensis Miller) is a succulent plant with strap-shaped
green leaves (Kiran and Rao, 2014; Lad and Murthy, 2013). The aloe latex (or
exudate), the aloe gel and the whole leaf (or whole leaf extract) are the main
parts used for medicinal applications (Chen et al., 2009). The inner pulp of the
fresh leaves is used for gel extrusion (Hamman, 2008; Reynolds and Dweck,
1999). The gel obtained from aloe vera, i.e. aloe vera gel (AVgel), is composed

mainly of water (>99 %), and the remaining 0.5 — 1 % of solid material



comprises several polysaccharides, vitamins, enzymes, lipids, inorganic and
small organic compounds (Boudreau and Beland, 2006). Additional properties
identified for Aloe vera are anti-inflammatory and antifungal, as well as soothing
effect on the mucosal lining and wound healing properties (Pugh et al., 2001).
While AVgel has been shown to be an effective transdermal (Cole and Heard,
2007) and intestinal (Chen et al., 2009) permeation enhancer for various drugs,
its applicability for buccal permeation enhancement has not been previously
investigated. In addition, those studies with AVgel as an enhancer for the
intestinal and transdermal routes did not report its histomorphological effects
(Chen et al., 2009; Cole and Heard, 2007), which is important for assessing its
preliminary suitability.

In the in vitro permeation studies reported by Chen et al 2009, it was reported
that the polysaccharides from Aloe vera gel is capable of reducing the TEER
of excised rat intestinal tissue, thus enhancing the transport of atenolol across
this tissue to a significant extent. Moreover, Aloe vera gel materials could
significantly decrease the TEER of Caco-2 cell monolayers and this reduction
in TEER was associated with the opening of tight junctions between adjacent
epithelial cells and this effect was completely reversible after removal of the
Aloe vera leaf materials from the cell monolayers.

Cole and Heard (2007) also stated that the skin penetration enhancement
effect of AVgel was due to a probable pull effect of complexes formed between
the compound and the enhancing agent within the aloe gel, however, the
proposed mechanism of action has to be further investigated and confirmed as

stated by the authors.



Furthermore, the histomorphological studies could be useful for identifying the
potential mechanisms of permeation enhancers and drug permeation
pathways.

Aloe vera gel has also been shown to have the potential to modify drug release
profiles in pharmaceutical dosage forms (Jani et al., 2007). Moreover,
polysaccharides form a major component of AVgel, therefore unlike several
other existing permeation enhancers, it has the potential to also provide
multifunctional properties in buccal drug delivery systems. Furthermore, aloe
vera has been reported as useful to treat bacterial and fungal infections, as well
as sexually transmitted diseases, including HIV and AIDS (Kamatenesi-
Mugisha et al., 2008; Pugh et al., 2001). It was therefore the focus of this study
to explore the potential of AVgel in enhancing the buccal permeation of drugs,

using a model ARV drug.

1.2.3.2 FATTY ACIDS DERIVATIVES

Fatty Acids (FAs) are widely used chemical permeation enhancers for various
drugs (Dodla and Velmurugan, 2013). For example, oleic acid, sodium caprate,
caprylic acid, sucrose esters and lauric acid have been reported for enhancing
the permeation of drugs such as propranolol, lidocaine, ergotamine, insulin and
sumatriptan across the buccal mucosa (Artusi et al., 2004; Bhati, 2012; Bigucci
et al., 2014; Senel and Hincal, 2001; Sohi et al., 2010; Tsutsumi et al., 1998).

It has been reported that FAs can disrupt the lipid bilayer of the mucosal lining

10



thereby increasing drug transport and bioavailability (Dodla and Velmurugan,
2013; Hassan et al., 2010; Sohi et al., 2010). Oleic acid (OA) in particular has
been reported as an effective chemical permeation enhancer for drugs, such
as levothyroxine sodium via the intestinal route (Pabla et al., 2010), caffeine
and diclofenac sodium (DS) via the transdermal route (Ochalek et al., 2012),
and propranolol as well as 5-fluorouracil via the buccal route (Bigucci et al.,

2014; Dhiman et al., 2009).

Recent reports are emerging on the use of derivatives of common chemical
enhancers for further maximising mucosal drug permeation (Caon et al., 2014;
Hassan et al., 2010). For example, newly synthesised propanoyloxy derivatives
of 5b-cholan-24-oic acid were more effective in enhancing permeation of
theophylline as compared to its parent compound, cholic acid, thereby
potentiating the efficacy of bile acids as a class of chemical permeation
enhancers (Coufalova et al., 2013; Mrézek et al., 2013). There is therefore a
need to explore and identify new derivatives of chemical enhancers to widen
the pool of available superior enhancers for buccal drug delivery. Novel
derivatives of OA will therefore be useful to further improve the permeation
enhancing potential of fatty acids, and to contribute to the pool of enhancers

for enhancing drug permeability.

Synthesizing novel OA derivatives i.e. A1E, A2E, E1E and E2E of G1 and G2
was reported for transdermal delivery of diclofenac sodium (DS), a non-

steroidal anti-inflammatory drug (Kalhapure and Akamanchi, 2013).
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Oleodendrimers A1E and A2E have an amide linkage whereas, E1E and E2E
have an ester linkage between the dendron and OA moiety. The derivatives of
OA were shown to be more effective in enhancing the transdermal permeation
of DS compared to the parent OA. The potential of these novel derivatives i.e.
oleodendrimers as permeation enhancer for buccal delivery, have not been
studied for any drug to date. The buccal permeation enhancement of these OA
derivatives may expand its applicability in drug delivery systems. Investigating
aloe vera gel and novel derivatives of fatty acids as buccal permeation

enhancers remains to be explored.

1.2.4 HIV AND AIDS AND CHALLENGES OF CURENT ARV THERAPY

Human Immunodeficiency Virus (HIV) infection and Acquired Immune
Deficiency Syndrome (AIDS), remain a major health challenge in Africa and
globally. It constitutes one of the most serious infectious disease challenges to
public health globally, and has had a crippling effect in certain parts of the
world, especially sub-Saharan Africa (Mazzeo et al., 2012). There are currently
35.3 million people living with HIV and AIDS globally, of whom 25 million are in
sub-Saharan Africa, and represent 71% of the global number. HIV and AIDS is
therefore still the leading fatal disease worldwide (UNAIDS, 2013; WHO,

2013).

While ARV drug therapy has contributed significantly to improved management
of patients with HIV and AIDS, its current use is associated with several

challenges and inconveniences (Boffito et al., 2014; Ramana et al., 2014).

12



Many ARV drugs undergo extensive first pass metabolism and gastrointestinal
degradation leading to low and erratic bioavailability. The half-lives of several
ARV drugs are short, which then requires frequent administration of doses,
leading to dose-dependent side effects and decreased patient compliance (Li

and Chan, 1999; MacBrayne et al., 2014; Rakhmanina et al., 2012).

Despite the availability of ARV therapy, the above statistics indicate that much
remains to be accomplished, as the number of newly reported HIV infections is
still unacceptably high (UNAIDS, 2013). In addition to acid degradation and first
pass hepatic metabolism, several ARV drugs suffer from physicochemical
problems, such as poor solubility that may lead to formulation difficulties (Li and
Chan, 1999; Xiang et al., 2002). Strategies currently being investigated to
overcome these limitations include: identifying new and chemical modification
of existing chemical entities (Ghosh et al., 2008; Schroeder et al., 2014; Vivet-
Boudou et al., 2011), examining various dosing regimens (de Kock et al., 2014;
Larson et al., 2014), designing and developing novel drug delivery systems
(das Neves et al., 2010; Ramana et al., 2014; Sosnik et al., 2009) that can
improve the efficacy of both existing and new ARV drugs. Moreover, different
routes of drug administration, including buccal (Jones et al.,, 2014;
Rambharose, 2013; Xiang et al., 2002), rectal (das Neves et al., 2013; Dezzutti
et al., 2014), and transdermal (van Heerden et al., 2010; Zidan and Habib,

2014) are being explored.
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1.2.5 ANTIRETROVIRAL DRUGS FOR BUCCAL DELIVERY

Drugs administered via the buccal route will avoid degradation by both the Gl

acids and enzymes, and will also bypass the hepatic first pass metabolism,

thereby improving their bioavailability (Morales and McConville, 2011; Singh,

2013). Buccal delivery will benefit most ARV drugs as it can address several

disadvantages and challenges that exist with current ARV therapy, such as:

Most ARVs have low bioavailability due to hepatic first pass metabolism
and their degradation in the acidic and enzymatic conditions of the
gastrointestinal tract. Their absorption may also be influenced by
variations in the gastric emptying rate as well as presence of food. The
buccal route as an alternative to oral will bypass the hepatic first pass
effect and the harsh conditions of the Gl, thus improving the
bioavailability of the ARVs (Desai et al., 2012).

Most ARVs have short half-lives that necessitate that higher doses be
incorporated into the dosage forms, and that they be given frequently to
treat HIV and AIDS. As a result of these higher and more frequent
doses, patients experience severe dose-dependent systemic side and
adverse effects, and may therefore not comply with ARV dosage
regimens. Buccal route will require lesser amount of such drugs as
compared to oral route, since the buccal mucosal site for the dosage
application is highly vascularised, and can promote higher absorption of
drugs. The dose-dependent toxicities and adverse effects experienced

with ARV therapy will be significantly reduced and patient compliance
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improved by using the buccal route (Chandwani et al., 2012; Hien et al.,
2013).

e Most ARVs, due to their low bioavailability, are formulated as high-dose
oral dosage forms which translate into larger oral delivery systems such
as tablet. This presents with swallowing challenges in paediatrics as well
as in adults with dysphagia. The amount of drug incorporated into a
buccal delivery system is smaller compared to the amount of drug
incorporated into an oral delivery system. The formulation of ARVs for
buccal delivery may also exhibit controlled-release kinetics of drugs,
which requires that drug release is prolonged at the site of application
over a predetermined period of time. The frequency of dosing as well
as the systemic side effects are reduced, and patient compliance with
their ARV therapy is improved (Lam et al., 2014; Madhav et al., 2009).

e Most ARVs that are formulated for oral administration are influenced by
food content in the GIT and the timing of food ingestion. This poses
certain challenges in children especially in paediatrics that require
frequent feeding. The buccal route of delivery will not be affected by food
timing as compared to oral. Hence buccal delivery of drugs will be
applicable in most patient populations, particularly the paediatrics and

geriatrics.

Didanosine (ddl) is a nucleoside reverse transcriptase inhibitor used as a
second line ARV regimen in both adult and paediatric population (Schulenburg

and Le Roux, 2008). The pharmacological and physicochemical properties of
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ddl makes it a suitable candidate for buccal delivery. The oral bioavailability of
ddl is as low as 30 % to 40 % which may further be reduced in the presence of
a meal, and its half-life is 1.3 to 1.6 hours (Bettini et al., 2010; Li and Chan,
1999). Additionally, the molecular weight is 236.3 Dalton, its pKa in water is
9.12 and Log P has been reported as being -1.24 (Moffat et al., 2004). The
challenges with the current oral use of ddl, in addition to the above properties,
therefore necessitates that alternative route be explored, and that ddl can be
considered as a model ARV drug for buccal delivery. The small molecular
weight will ensure that the drug can diffuse across the cell membranes with
less difficulty. Furthermore, at the physiological pH of the buccal mucosa of 6
to 7, ddI will remain mostly in its unionized form which will ensure its interaction

with the lipoidal cell membrane and improved absorption.

Didanosine has a logP value of -1.24 (Moffat et al., 2004), hence classified as
a hydrophilic drug and this property may limit its permeability across the lipoidal
cell membrane. Also, ddl is classified as BCS Class lll drug, exhibiting poor/low
permeability. Moreover, the buccal permeability of drugs is limited by the
epithelium lining the buccal mucosa. This suggests that the inclusion of a safe
and effective buccal permeation enhancer will therefore promote the delivery

of ARVs such as ddl for improved therapy.

At the time of this study, only one other ARV, namely ddC, was investigated
and reported for buccal delivery (Shojaei et al., 1999; Xiang et al., 2002). The

buccal delivery potential of ddC was investigated by these two researchers,
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and they employed bile salts (Xiang et al., 2002), and menthol (Shojaei et al.,
1999) as permeation enhancers. To the best of our knowledge, these two
reports on ddC were the only ones found on buccal delivery of ARVs in the
literature until the studies on ddl, and AVgel as permeation enhancer were
reported in this study. Therefore, the potential of the buccal mucosa route for
delivering ARVs, such as ddl, and carefully selecting permeation enhancers

needed to be explored.

Recently, studies have reported on permeation potential of other ARVs, i.e.
tenofovir (TFV) and saquinavir (SQV) (Rambharose et al., 2014a; Rambharose
et al., 2014b).The incorporation of zidovudine (AZT) into buccal mucoadhesive
patches (Reddy et al., 2012) and ddl into buccal polymeric films (Jones et al.,
2013) as well as nano-enabled films (Jones et al., 2014; Jones et al., 2013)

have also been recently reported.

Studies on the buccal mucosa route are ongoing in anticipation of contributing
to an improved ARV therapy. Buccal delivery of drugs are still attractive to
scientists across the pharmaceutical industries and in academia. The
identification of safe and effective permeation enhancers that will contribute to
the development of buccal delivery systems also continues to attract
researchers across the globe, until such a time that dosage forms for buccal

delivery of ARVs are commercially available.
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No studies were reported on the buccal delivery potential of ddl, and none on
the potential of AV gel and OA synthetic derivatives as buccal permeation
enhancers, particularly using ddl as a model ARV drug. Therefore, the aim of
the studies reported in this thesis was to explore the potential of the buccal
mucosa route to deliver an ARV drug, and to identify novel buccal permeation
enhancers in order to contribute to developing and optimizing novel buccal

delivery systems that will be useful to improve ARV therapy.

1.3 AIM AND OBJECTIVES
In order to explore the potential of the buccal mucosal route for the delivery of

an ARV drug, the sub-Aims and their respective objectives of the study were:

Aim 1.
To investigate the potential of the buccal mucosal route for delivery of an ARV

drug using ddl as a model drug.

Objectives:
1. Determine the permeability parameters of ddl across the buccal
mucosa
2. Investigate the effects of ddl concentrations on its permeability

parameters.
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Aim 2.

To determine the effects of different novel enhancers such as AV gel, oleic acid

and the chemically synthesized oleodendrimer derivatives on the buccal

permeability of ddl.

Objectives:

3.

Aim 3.

Investigate the buccal enhancement potential of novel enhancer from
natural origin, AV Gel by identifying the permeability parameters of
ddlin the absence and presence of AV gel.

Determine the concentration effects of AV Gel on the buccal
permeability of ddl.

Investigate the buccal enhancement potential of OA and its
chemically synthesized oleodendrimer derivatives by identifying the
permeability parameters of ddl in the absence and presence of
chemically synthesized novel OA derivatives.

Identify the OA derivative with the best buccal permeation
enhancement and determine its concentration effects on the

permeability properties of ddl.

To assess the histo-morphological effects of both ddl and the novel enhancers,

AV gel and OA derivatives on the buccal mucosa.
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Objectives:
7. To assess the morphological effects of ddl, and the concentrations of
AV gel and the selected OA derivative as novel permeation
enhancers on the buccal mucosa.
8. To evaluate the ultrastructure of the buccal mucosa in order to
determine the safe concentrations of the novel buccal permeation

enhancers.

It should be noted that the original protocol for this study included an objective
for formulation studies, i.e. to incorporate a selected ARV into a novel buccal
drug delivery system such as monolayered multipolymeric films (MMFs) for the
buccal route. This objective was indeed addressed in this study and preliminary
film formulation experiments of MMFs were performed. The preliminary
experimental findings of this objective have been published as research
abstracts in ISI journals, i.e. Journal of Pharmacy and Pharmacology, Impact
factor = 2.006. This published abstract is listed on Pages x — xi, and has been
included in Appendix VI on page 274. The experimental findings have also
been presented at both local and international conferences, and the
presentations have been included in Appendix VII, pages 279 — 285. These
preliminary experimental findings were not explored further and are not
presented as a chapter in this thesis, as the thesis met the current UKZN
criteria of three (3) publications in the same topic area for an award of a PhD

degree and the criteria can be found in Appendix |, pages 221 — 224.
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1.4 IMPORTANCE OF THE STUDY

The experimental findings of this study will be of significant benefits in that an
alternate buccal route for the delivery of ARV drugs, such as ddl, could be
identified. The identification of alternative route, such as the buccal mucosal
route, could offer a superior approach over the current oral route of drug
administration for HIV and AIDS therapy. This could be particularly useful for
patients for improving compliance and providing better therapeutic outcomes

of ARV drugs.

The findings could also be significant in widening the pool of buccal permeation
enhancers for the delivery of ARVs. The buccal permeability of ddl was
enhanced successfully using products from both natural origin (AVgel) as well
as chemically synthesized OA derivatives. This means that more sources of
buccal permeation enhancers could be available, which will broaden the
categories of permeation enhancers that are suitable in the formulation and
optimization of buccal drug delivery systems containing ddl. The novel AVgel
and OA derivatives as buccal permeation enhancers could be applicable to a

wide range of ARVs as well as other classes of drugs.

The experimental findings of this study could significantly create new
knowledge in terms of identifying the buccal delivery potential and mechanism
of buccal permeation of an ARV drug. The mechanism of action of the novel

buccal permeation enhancers, i.e. AV gel and OA derivatives will create new
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knowledge in the field of pharmaceutical sciences, and particularly useful for
the formulation scientists, and for research and development in buccal delivery
of ARV drugs. The new knowledge created in this study will be a great

manufacturing resource for the pharmaceutical industries.

Moreover, the enhancers used in this study are synthetic derivatives and
natural products. They would be of benefit to formulation scientists in that
different classes of permeation enhancers will be available for selection in the
formulation, optimization and eventual manufacture and commercialization of
buccal delivery systems containing ddl, or any other ARVs, and could be

applicable to other various classes of drugs.

1.5 NOVELTY OF THE STUDY

At the time of this study, and to the best of our knowledge, only one other ARV,
in particular, zalcitabine (ddC), was reported for buccal delivery. For the first
time in the area of buccal delivery research investigating antiretroviral drugs,
this study identified the buccal delivery potential of ddl, and a possible

mechanism of ddl permeation across the buccal mucosa was predicted.

AVgel was previously identified as a permeation enhancer for both intestinal
and skin permeation. This is the first time that AVgel was identified as a buccal
permeation enhancer particularly for an antiretroviral drug, ddl and for any
other drug for that matter. The effective and safe concentration of AVgel as

buccal permeation enhancer for ddl was also identified in this study. The
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histomorphological evaluations reported in the previous studies on the buccal
permeability of ddC were limited to the use of light microscopy (LM).This is the
first time we show that histomorphological evaluations, using both LM and
transmission electron microscopy (TEM), can be used to access the effects of
ddl and enhancers on the buccal mucosa. Particularly, the analysis of the
buccal mucosa using TEM was reported for the first time in buccal delivery of
ARV. This study shows that the buccal permeation enhancing properties of

AVgel can be correlated with its effects on the buccal mucosa.

While fatty acids have been reported as chemical permeation enhancers for
other drugs, the derivatives of fatty acids OA have not been indicated for buccal
delivery. This is the first time that fatty acids and derivatives, i.e. OA and its
oleodendrimer derivatives, were used as buccal permeation enhancers for an
antiretroviral drug, ddl. Identifying the best derivative, as well as its effective
and safe concentration is reported for the first time. These novel enhancers
can widen the pool of buccal enhancers for the formulation scientists to explore
in the development of buccal drug delivery systems, especially for ARVs. This
new knowledge is particularly desirable, as to date, no specific ARV drug has

been developed as buccal drug delivery system for commercialization.

This study also identified the most suitable derivative of OA (OANa1A), and
reported its safe and effective concentration as revealed by TEM analysis and
proposed its use as buccal enhancer for formulation and optimization of novel

buccal delivery systems for improved ARV therapy.
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1.6 THESIS OVERVIEW

This thesis is divided into the following five chapters:

Chapter 1. Introduction - This chapter outlines the background to the study,
which included buccal delivery of drugs, permeation enhancement
strategies and the challenges of current ARV therapy. The buccal
mucosa route as alternate routes to others such as oral and parenteral
as well as the advantages and disadvantages of buccal delivery are
described. This chapter also described AV gel as permeation enhancer
from natural products origin as well as fatty acids derivatives as synthetic
chemical permeation enhancers. The potential of the buccal mucosa for
delivery of ARV drugs was highlighted and the aims and objectives are

presented in the chapter.

Chapter 2. Publication one - Literature Review — This chapter presents the
literature which was reviewed and then published as a review article in
an international ISI journal. The publication’s authors are Elizabeth
Ojewole, Irene Mackraj, Panjasaram Naidoo and Thirumala Govender
Other details are: Exploring the use of novel drug delivery systems for
antiretroviral drugs. European Journal of Pharmaceutics and
Biopharmaceutics 2008; 70: 697-710 (Impact Factor = 4.245). The
Citation counts are reported as follows: Google Scholar = 76, Web of

Science =48, and BIOSIS = 31.This publication is a first-authored paper
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published from the literature reviewed during this study. The review
article describes several drug delivery systems that were developed for
ARVs, including buccal, rectal and transdermal drug delivery systems.
It highlights the significant potential that novel drug delivery systems
have for the future of ARV drug therapy. This chapter presents the
literature review in the final revised and accepted version and the format

required for publication by the journal.

Chapter 3. Publication two - This chapter presents an original research from
the data generated in this study which was published in an international
ISI journal. The publication’s authors are Elizabeth Ojewole, Irene
Mackraj, Kamil Akhundov Josias Hamman, Alvaro Viljoen, Eugene Olivier
James Wesley-Smith and Thirumala Govender. Other details are:
Investigating the effect of Aloe vera gel on the buccal permeability of
didanosine. Planta Medica 2012; 78(4): 354-361 (Impact Factor = 2.339).
The Citation counts are reported as follows: Google Scholar = 8, Web of
Science = 6, and BIOSIS = 2). This publication is a first-authored paper
that reported the experimental findings on the potential of the buccal
mucosal route for delivery of didanosine. It also highlights the significant
findings that no adverse effects were observed with ddl and AVgel at their
selected concentrations. This chapter presents the research paper in the
final revised and accepted version and the format required for publication

by the journal.
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Chapter 4. Publication three - This chapter presents an original research from
the data generated in this study which was published in an international
ISI journal. The publication’s authors are Elizabeth Ojewole, R.
Kalhapure, K Akamanchi, and T. Govender. Other details are: Novel Oleic
acid derivatives enhance buccal permeation of didanosine. Drug
Development and Industrial Pharmacy 2014; 40(5): 657-668 (Impact
Factor = 2.006). The citation counts are reported as follows: Google
Scholar = 1, Web of Science = 0, and BIOSIS = 0. This publication is a
first-authored paper that reported the potential of oleic acid and its
oleodendrimer derivatives as buccal permeation enhancers for ddl. This
chapter presents the research paper in the final revised and accepted

version, and in the format required for publication by the journal.

Chapter 5. Conclusion. This chapter describes the general conclusions drawn

from the experimental findings in this study, identifies possible study

limitations and highlights recommendations for future work.
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Abstract

Novel drug delivery systems present an opportunity for formulation scientists
to overcome the many challenges associated with antiretroviral (ARV) drug
therapy, thereby improving the management of patients with HIV/AIDS. This
paper provides a comprehensive review of the various ARV delivery systems
that have been developed for achieving sustained drug release kinetics,
specifically targeting drugs to the macrophages, brain and gastric mucosa, and
for addressing formulation difficulties such as poor solubility, stability and drug
entrapment. Studies on the potential of systems for alternative routes of ARV
drug administration, i.e., transdermal, buccal and rectal are also highlighted.
The physico-chemical properties and the in vitro/in vivo performances of
various systems such as sustained release tablets, ceramic implants,
nanoparticles, nanocontainers, liposomes, emulsomes, aspasomes,
microemulsions, nanopowders and Pheroid™ are summarised. Further studies
that remain to be undertaken for formulation optimisation are also identified.
This review highlights the significant potential that novel drug delivery systems
have for the future effective treatment of HIV/AIDS patients on ARV drug

therapy.

KEYWORDS:

HIV/AIDS, Antiretroviral drugs, Novel drug delivery systems, Sustained release,

Targeting.
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1. Introduction to HIV/AIDS

Human Immunodeficiency Virus (HIV) infection and Acquired Immune
Deficiency Syndrome (AIDS), commonly referred to as HIV/AIDS, constitute
one of the most serious infectious disease challenges to public health globally,
and has had a crippling effect in certain parts of the world especially Sub-
Saharan Africa [1-3]. There are currently 33.2 million people living with
HIV/AIDS globally. Of this total number, an overwhelming 22.5 million people
are HIV positive in Sub-Saharan Africa specifically, representing 67.8% of the
global number [3]. Interventions such as AIDS counselling, educational tools
and antiretroviral drug therapy have contributed to transforming HIV infection
from a fatal to a manageable chronic infectious disease [4]. Despite the
availability of these measures, the above statistics indicate that much remains
to be accomplished as the number of newly reported HIV infections still remains

unacceptably high.

There are currently two known species of HIV, viz., HIV-1 and HIV-2, with their
respective subspecies. HIV-1 is the globally common infection while HIV-2 is
more prevalent in West Africa, and takes a longer time to develop into
immunodeficiency from infection than HIV-1 [5, 6]. HIV infection in the human
body results mainly from integration of the viral genome into the host cell for
the purpose of cell replication, and AIDS is the advanced stage of the disease
caused by HIV infection. The virus infects the host cell by binding of the viral

gp120 protein to two transmembrane receptors, i.e., CD4+ and either of the
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two chemokine receptors, CCR5 and CXCR4 [7]. HIV infects macrophages and
T-helper lymphocytes (CD4+); but the defining feature of AIDS is the depletion
of CD4+ cells. T-tropic viruses prefer to replicate in T cells while M-tropic
viruses prefer the macrophage. Of the HIV-1 viruses, M tropic types

predominate in the brain [8].

The viral genome contains 3 structural genes — gag, pol and env and six
regulatory genes —tat, rev, nef, vif, vpr, and vpu [5]. The virus utilizes some of
these genes to maximize its production using host cell resources. DNA
microarray studies have implicated HIV encoded Nef protein in this process [9],
and humans infected with the nef-deleted form of HIV have remained disease
free for several years [10]. Interestingly, HIV has been referred to as a “master
regulator” of cellular gene expression [9] as a means to augment expression of
its own genome. An understanding of these processes is critical to developing

novel therapeutic strategies for the suppression or elimination of the virus.

The immunopathogenesis of HIV/AIDS has been previously amply
documented; from the time of infection to the end stage of the disease [5]. The
end stage of the disease may be characterised by a spectrum of diseases [11]
including opportunistic infections (such as Pnuemocystis carinii and
Mycobacteruim tuberculosis), dementia and cancer [6, 11]. In addition to
macrophages, lymph nodes, bone marrow, spleen and lungs, the CNS
represents one of the most important anatomical sites of the virus after

infection. This causes significant neuronal damage and loss that often leads to
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HIV associated dementia [12]. Without treatment, HIV 1 infection is nearly

uniformly fatal within 5-10 years [11].

2. HIV/AIDS Drug Therapy and its Current Limitations

Although the development of drugs for HIV infection has undergone substantial
progress, numerous uncertainties persist about the best way to manage this
disease. Reports addressing this aspect have appeared in the literature [13].
At present, the different ARVs are classified under categories such as
nucleoside reverse transcriptase inhibitors (NRTI), nucleotide reverse
transcriptase inhibitors (NtRTI), non-nucleoside reverse transcriptase inhibitors
(NNRTI), protease inhibitors (PI), and more recently fusion and integrase
inhibitors [14]. Table 1 [15-19] lists the various drugs under the different
classes, the available dosage forms as well as their half-lives and
bioavailabilities. These drugs are administered as combined therapy as in the
case of Highly Active Antiretroviral Therapy (HAART) [20]. Among the newer
classes of drugs under investigation are the assembly and budding inhibitors
[21], as well as the zinc finger inhibitors [22]. Virus assembly and disassembly
are particularly attractive candidate processes for antiviral intervention. HIV-1
capsid (CA) protein and human cyclophilin A (CypA) play important roles in
these processes, which consequently make them attractive targets of high

priority [23].
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Table 1: Examples of antiretroviral drugs, their commercially available

dosage forms, bioavailabilities and half-lives.

Name and Class Dosage form F (%)* Half-Life
of Drug [15-19] [15-19] (hrs) [15-19]
Zidovudine(NRTI) | Capsule, Liquid 60 1.1
Lamivudine(NRTI) | Tablet, Liquid 86 3-6
Didanosine (NRTI) | Tablet, Capsule (EC), 30-40 1.3-1.6
Liquid
Zalcitabine(NRTI) | Tablet 85 1-3
Stavudine(NRTI) Capsule, Powder for 80 1-1.6
reconstitution
Abacavir(NRTI) Tablet, Liquid 83-100 1-2
Emtricitabine(NRTI) | Capsule 93 10
Tenofovir NtRTI Tablet 25-39 17
Nevirapine Tablet, Syrup >90 25-30
(NNRTI)
Efavirenz(NNRTI) | Tablet, Capsule, 42-80 40-50
Solution
Delavirdine(NNRTI) | Tablet 85 5.8
Etravirine (NNRTI) | Tablet unknown | 30-40
Amprenavir(PI) Capsule, Solution No data. | 7-10
Indinivir(PI) Capsule 65 1.2-2
Saquinavir(Pl) Tablet, Capsule Erratic, 4 | 1.5-2
Nelfinavir(PI) Tablet, Powder 20-80 3.5-5
Ritonavir (PI) Tablet, Capsule, Liquid | 65 3-5
Atazanavir(Pl) Capsule Nodata |7
Darunavir(PI) Tablet 37 15
Enfuvirtide Powder for 84.3 3.8
(Entry and FI) subcutaneous injection
Maraviroc Tablet 23-33 14-18
(Entry and FI)
Raltegravir (I1) Tablet Nodata |9

NRTI=Nucleoside Reverse Transcriptase Inhibitors

NtRTI=Nucleotide Reverse Transcriptase Inhibitors

NNRTI= Non-nucleoside Reverse Transcriptase Inhibitors

Pl=Protease Inhibitors

Fl=Fusion Inhibitors

II=Integrase Inhibitors

F=Bioavailibility
EC = Enteric Coated
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Although ARV drug therapy has contributed significantly to improved
patient/disease management, its current use is associated with several
disadvantages and inconveniences to the HIV/AIDS patient. Many ARV drugs
undergo extensive first pass metabolism and gastrointestinal degradation
leading to low and erratic bioavailability. The half-life for several ARV drugs is
short, which then requires frequent administration of doses leading to
decreased patient compliance [24]. A major limitation is that HIV is localised
in certain inaccessible compartments of the body such as the CNS, the
lymphatic system and within the macrophages. These sites cannot be
accessed by the majority of drugs in the therapeutic concentrations required;
and the drugs also cannot be maintained for the necessary duration at the site
of HIV localization [25]. These sub therapeutic drug concentrations and short
residence time at the required sites of action contribute significantly to both the
failure of eliminating HIV from these reservoirs, as well as the development of
multidrug-resistance against the ARVs [26]. The severe side effects associated
with ARV therapy can therefore be attributed to the subsequent large doses
essential for achieving a therapeutic effect, due to the inadequate drug
concentrations at the site of action, and/or the poor bioavailability of several
ARV drugs. These drugs also suffer from physico-chemical problems such as
poor solubility that may lead to formulation difficulties [27, 28]. Strategies
currently being investigated to overcome these limitations include; the
identification of new and chemical modification of existing chemical entities, the

examination of various dosing regimens, as well as the design and
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development of novel drug delivery systems (NDDS) that can improve the
efficacy of both existing and new ARV drugs. More specifically, in the past
decade there has been an explosion of interest in the development of NDDS
for the incorporation of ARV drugs as a way of circumventing the problems
described above and optimising the treatment of HIV/AIDS patients. To the
best of our knowledge, the last review paper on NDDS for ARV drugs appeared
in 1993 [28]. There have since been significant advancements of the systems
described in that paper and further new NDDS for ARV drugs have since
emerged in the literature. The purpose of this paper is therefore to present a
comprehensive review of the various NDDS, including studies on alternative
routes of administration that have emerged for ARV drugs. This will identify the
progress that has been achieved both for the technological development of
these delivery systems, as well as their clinical potential for overcoming the
limitations associated with current ARV therapy. This review will also enable
the identification of future studies that remain to be undertaken for its

optimisation and ultimately its commercialisation.

3. Novel Drug Delivery Systems for ARV Drugs

3.1 Sustained Release/Bioadhesive/Enteric Coated Matrix Tablets
Sustained drug delivery systems are designed to achieve a continuous delivery
of drugs at predictable and reproducible kinetics over an extended period of
time in the circulation. The potential advantages of this concept include:
minimisation of drug related side effects due to controlled therapeutic blood

levels instead of oscillating blood levels, improved patient compliance due to
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reduced frequency of dosing and a reduction of the total dose of drug
administered [29, 30]. Bioadhesive drug delivery systems are designed for
prolonged retention on the mucosa to facilitate drug absorption over a
prolonged period of time by interacting with mucin [31]. Hence, the combination
of both sustained release and bioadhesive properties in a delivery system
would further enhance therapeutic efficacy. ARVs such as didanosine (ddl)
would be an ideal candidate for sustained drug release due to its short half life
of 1.3-1.6 hours, necessitating frequent administration of doses, as well as its
severe dose dependent side effects [24]. In an attempt to improve the oral
absorption of ddl by delivering it over a prolonged period of time as well as
prolonging retention on the mucosae, Betageri et al. [32] prepared a sustained
release bioadhesive tablet formulation of ddl, containing Polyox WSRN-303,
Carbopol 974P-NF and Methocel K4M as polymeric matrix materials. Hydrogel
forming tablet formulations with 10% and 30% Polyox WSRN-303 were able to
extend the release of ddl (Figure 1) while 30% Methocel K4M was required for
extending the drug release in other formulations. Preparations with Carbopol
934P prevented complete release of ddl from the tablet during the test period
and the authors attributed this to drug-polymer interactions. The bioadhesivity
also increased with an increase in polymer concentration. These researchers
concluded that a single polymer could be used for the preparation of hydrogel
matrix ddl tablets designed to provide both sustained release and
bioadhesivity. However, while a single polymer may provide both bioadhesivity
and sustained drug release, it has since become well recognised in the

literature, via various in vitro drug release and bioadhesivity tests during
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formulation studies, that simultaneous optimisation of both these properties
may require the blending of various polymers [33-35] for both single and
multiple unit systems. These systems remain to be investigated for their clinical

applicability.

20 1
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Figure 1: Effect of Polyox WSRN-303 on the release of ddl from tablets

(Reproduced from Betageri et al., 2001).

ddl controlled release matrix tablets containing methacrylic (Eudragit RSPM)
and ethylcellulose (Ethocel 100) polymers have also been prepared by
Sanchez-Lafuente et al. [36]. The ddI 500 mg tablets (5, 10 or 15 %w/w) were
prepared by direct compression and comprised of Eudragit® RSPM and

Ethocel® 100 in varying ratios (75/25, 50/50 and 25/75 w/w). The physical
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characteristics in terms of weight, thickness and diameter confirmed the
excellent compactibility properties of these polymers with ddl, which allowed
for direct compression in the absence of other excipients. The drug release
studies showed that varying polymer ratios could modulate the release of ddl
as a result of the swelling properties of Eudragit® RSPM and plastic properties
of the hydrophobic Ethocel® 100. Since these two polymers showed potential
for modulating drug release, the subsequent study by this group focused on
the use of a statistical experimental design for formulation optimisation as well
as for identifying and quantifying the effects of formulation variables on drug
release. Therefore, a Doehlert design was applied to evaluate the influence of
variables and possible interactions among such variables on ddl release from
the directly compressed matrix tablets based on the blends of the two insoluble
polymers, Eudragit® RSPM and Ethocel® 100 [37]. The drug content and the
polymers had the most significant effect on drug release while the compression
force had no significant effect. The optimum formulation conditions identified in
the studied experimental design for a formulation with optimum drug release
was Eudragit-Ethocel ratio of 83/17 (w/w) and a drug content of 13 %w/w. The
experimental values obtained from the optimised formulation highly agreed
with the predicted values, thereby validating the mathematical model used in

the preparation of ddl tablets.

ddl also undergoes acid degradation in the gastric medium [38]. An enteric
coated matrix tablet formulation that combines sustained drug release,

bioadhesivity and an enteric coating to resist acid degradation to maximise
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therapeutic efficacy has also been reported. Deshmukh et al. [39] reported the
preparation of enteric coated, sustained release bioadhesive matrix tablets of
ddl comprising of Polyox, WSRN-303 and Methocel K4M with
hydroxypropylmethylcellulose phthalate (HPMCP 5.5). The formulation was
shown to be resistant to dissolution in 0.1N HCI but dissolved within 10 minutes
in PBS pH 7.4. Furthermore, the stability of the formulation for 6 months at
varying storage conditions was confirmed. Permeation studies on the matrix
tablets showed that Polyox WSRN-303 containing tablets demonstrated higher
ddl permeability across live intestinal tissue compared with conventional

tablets.

While the above tablets sought to provide sustained drug release, bioadhesion
and resistance to gastric acid degradation, a possible limitation could be the
fact that it would still undergo extensive first pass degradation since it is meant

for oral administration.

3.2 Ceramic Implants

Attempts have been made in the literature to explore the use of ceramic
implants to modulate the release of antiretroviral drugs. Due to the adverse
effects of AZT associated with oral and intravenous administration, Benghuzzi
et al. [40] in early in vivo studies investigated the release of deoxynucleoside
thymidine, the normal counterpart of azidothymidine (AZT), by means of
alumino-calcium-phosphorous oxide (ALCAP) ceramic implantable capsules in

rats. The results showed that thymidine could be released from the ALCAP
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ceramic capsules in a sustained manner for a minimum duration of 120 days.
Based on the results with thymidine, they subsequently concluded that these
implantable capsules could be considered for the delivery of AZT.
Consequently, in a follow up study [41], AZT was loaded into tricalcium
phosphate (TCP) and ALCAP ceramic capsules. They showed that the rate of
release of AZT from TCP capsules were lower than from ALCAP capsules.
Figure 2 confirms the sustained release of AZT from TCP ceramic capsules

over 26 days when loaded with 20, 40 and 60 mg AZT.
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Figure 2: Release of AZT from TCP ceramic capsules (Reproduced from

Benghuzzi et al., 1990)
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To further control release, Nagy and Bajpai [42] extended this in vitro study by
preparing a TCP ceramic delivery system containing thymidine and AZT and
determining the effect of sesame seed oil or wheat germ oil on their release.
Ceramic capsules were prepared by pressing 1 gram of <38 microns beta-TCP
particles with or without the stipulated quantity of thymidine or AZT ina 10 mm
die at aload of 4000 Ibs in an electric hydraulic press. They found that sesame
seed oil and wheat germ oil (Vitamin E) could delay the release of thymdine
and AZT from TCP drug loaded capsules. Further, incorporation of thymidine
or AZT in the form of a compressed pellet also retarded its release from the
TCP ceramic capsules prepared with oil treated ceramic particles. The above
studies were extended to an in vivo study later [43]. Three ceramic devices
were implanted subcutaneously in Sprague Dawley rats for two weeks. The in
vivo studies showed that oil saturated TCP and AZT device as well as the AZT
pellet inserted in an oil saturated TCP shell device were able to retard AZT
release at a significantly lower rate than the AZT and TCP untreated devices.
These authors concluded that the treatment of ceramic devices with oil
decreased the release rate and prolonged the delivery of AZT. The inclusion of
wheat germ into another ceramic device, hydroxyapatite (HA) composite, was

also able to deliver AZT for prolonged periods in vitro [44].

A subsequent in vivo study by Benghuzzi [45] compared the release of AZT
from two commonly studied ceramic implants, i.e., TCP and HA. Sterilised drug
loaded ceramics containing AZT in three dosages (40, 60 and 90 mg) were

inserted under the skin of rats using standard surgical techniques. The data
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from this study showed that AZT release rates from TCP ceramic implants (30
mg=2.38+0.23 ng/mL, 60 mg=4.64+1.03 ng/mL and 90 mg=11.92+2.35 ng/mL
serum AZT) were significantly higher than from HA ceramic implants (30
mg=0.84+0.05 ng/mL, 60 mg=2.40+0.83 ng/mL and 90 mg=6.41+1.24 ng/mL
serum AZT ). The authors concluded that TCP and HA ceramic implants could
be considered effective for delivering AZT in quantities required for providing
physiological responses in vivo. The sustained drug release profiles obtained
indicated that large fluctuations of AZT concentrations in the blood stream and
tissues, as with conventional routes of administration, could be eliminated

using ceramic drug delivery systems.

While ceramic implants were actively studied between 1990 and 2000, there
appears to be no further work since reported for ARV containing ceramic

implants.

3.3 Liposomes

Liposomes, ranging in size between 25 nm and several microns, are
microscopic vesicles that comprise one or more phospholipid bilayers which
surround an aqueous core. They are prepared from natural or synthetic
phospholipids and cholesterol and may also additionally include other lipids
and proteins. The aqueous core facilitates the entrapment of hydrophilic drugs,
while hydrophobic drugs are bound to or incorporated in the lipid bilayer. When
administered, liposomes are recognised as being foreign and are immediately

taken up by cells of the mononuclear phagocytic system (MPS). Since the HIV
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virus localises in these cells, liposomes therefore represent a suitable drug
delivery system for targeting ARVs into infected cells; and thus have the
potential of improving the efficacy of drugs and reducing side effects [46, 47,

48].

The effect of liposomal encapsulation of AZT in mice was determined in early
studies [49-50]. Unlike injections of free AZT, liposomal encapsulated AZT
showed no bone marrow toxicity with normal erythrocyte and leukocyte profiles.
Also, enhanced localisation in the liver, spleen and lung was found with the
AZT liposomes. Liposomal encapsulated AZT further reduced haematopoietic
toxicity and resulted in enhanced antiretroviral activity in mice. Liposomal
formulations have also been prepared for administration of AZT by the
transdermal route [51]. The optimised liposomal formulation showed a
transdermal flux of 98.8+5.8 ug/cm? across rat skin as compared to 5.72+0.3
ug /cm? for the free drug and this should contribute to an improved
bioavailability. These liposomes for the transdermal route were also able to

target the RES organs more effectively.

Liposomes containing ddl was initially studied by Harvie et al. [52]. They found
that the elimination plasma half life of 112 nm and 83 nm liposomal ddl was 46
and 14 times higher than that of the free drug, respectively. They also reported
efficient targeting of lymph nodes and macrophage—rich tissue with these
conventional liposomes. In a subsequent study, they were able to extend

further the ddl half life in plasma from 3.9 hours for conventional liposomes to
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14.5 hours by incorporating it into sterically stabilized liposomes. Following
intravenous injection, the majority of the sterically stabilised liposomes also

concentrated in the spleen with a peak level at 24 hours (Figure 3) [53].

Apart from AZT and ddl, zalcitabine (ddC) has also been investigated for
encapsulation into liposomes by Makabi-Panzu et al. [54-55]. The ddC loaded
liposomes were more rapidly taken up by the mouse macrophage cell line than
the free ddC. They also reported that a high intracellular uptake of ddC was
facilitated by the anionic nature of liposomes. To be pharmacologically active,
dideoxynucleosides such as ddC must be phosphorylated into 5’-triphosphates
by cellular kinases. Since some cell types have a low ability to phosphorylate
these compounds, administration of the phosphorylated form of the drug would
be most suitable. However, this would not be feasible as cell membranes are
impermeable to the phosphorylated form, and phosphatases present in body
fluids hydrolyse nucleotides into the corresponding nucleosides [56]. To
overcome this limitation and to obtain site specific delivery, the antiviral effects
of ddC and ddC-triphosphate(ddC-TP) and liposome encapsulated ddCTP
(L(ddCTP)) were established and compared in cultured, human monocyte
macrophages infected with HIV-1 [57]. ddCTP was dephosphorylated before
entering the cells while L(ddCTP) remained stable over days. These
preparations were also able to inhibit replication at nanomolar drug levels. Data
obtained from liposome encapsulated ddCTP in a murine acquired
immunodeficiency syndrome (MAIDS) model has also showed reduced proviral

DNA in cells of the MPS in both spleen and bone marrow [58].
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Liposomes have also been explored for the encapsulation and delivery of newly
synthesised prodrugs. Lalanne et al. [59] synthesized two novel glycerolipidic
ddl conjugates as prodrugs to avoid hepatic first pass metabolism. Liposomal
formulations (1160+nm) of the prodrugs displayed antiviral activity and showed
promise as formulations for enhancing drug bioavailability. Due to the low
entrapment efficiency and high leakage of AZT from liposomes [48], AZT-
myristate (AZT-M) has been synthesized as a prodrug and investigated for its
potential for liposomal encapsulation. A high entrapment efficiency of 98% was
achieved with higher plasma AZT being achieved with the AZT-M liposomes
as compared to free AZT solution. Higher concentrations of AZT in organs of
the RES and brain were also found with the liposomal preparation. This study
could have been enhanced if AZT-M liposome preparations were compared
not only with free AZT, but also with AZT entrapped liposomes. Prodrug
liposomal preparations therefore offer the opportunity of not only more efficient

targeting but also improved drug action and formulation processing.
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Figure 3: Plasma and tissue distribution of ddl ([*H]ddl) (A) and liposomal
lipids (['*C]DPPC) (B) from sterically stabilized liposome-encapsulated
ddl after the administration of a single intravenous dose (3 mg of ddl per
kg) to rats. Values are the means obtained for four to six animals per

group per time point (Reproduced from Harvie et al., 1996)

In addition to liposomes having PEG chains attached to its surface, for
increasing circulation time in vivo [60, 61], active targeting of HIV infected
cells can also be obtained by using liposomes that have surface attached
ligands that specifically promote receptor interaction at the site of targeting [47]

as well. Using the antibody, H-2-K(k), for Fc-mediated targeting; Betageri and
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Burrell [62] showed that the lipid composition of ddl-triphosphate liposomes
influenced conjugation of antibodies and also retention of the encapsulated
drug. Sterically stabilised immunoliposomes containing grafted anti-HLA-DR
antibodies were effective in enhancing the concentrations of indinavir (INV) in
all tissues leading to a 21-126 fold increased accumulation as compared to the
unencapsulated drug (Table 2) [63]. Also, immunoliposomal INV was as
efficient as the free agent to inhibit HIV-1 replication in cultured cells. Lectin
receptors, which act as molecular targets for sugar molecules, are found on the
surface of cells of the mononuclear macrophage system (MPS) and have also
been included in the strategy to improve site specific drug delivery. Using a
mannose binding protein, concanavalin A, maximum cellular drug uptake
occurred when mannosylated liposomes containing stavudine (D4T) were used
[64]. Other sugar molecules used for liposomal formulations to target cells of
the MPS include galactosylated D4T and AZT liposomes [65-66]. Together,
these studies confirmed enhanced targeting to tissues rich in galactose specific
receptors and confirmed their potential of providing sustained drug release
characteristics. Slepushkin et al. [67] has also reported that synthetic peptides
can bind specifically to HIV infected cells. The potential of various ligands for
active targeting of ARV loaded liposomes have therefore been confirmed and

show potential for formulation optimisation.
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Table 2: Area under the curve for free and immunoliposomal indinavir in
tissues after a single subcutaneous administration in mice (Reproduced
from Gagne et al., 2002).

Tissue Immunoliposomal | Free Ratio
indinavir indinavir immuno-

liposomal/
free indinavir

Cervical lymph nodes | 523.2 7.6 68.8

Brachial lymph nodes | 617 4.9 126.0

Mesenteric lymph 192.8 6.4 30.1

nodes

Iguinal lymph nodes 144.5 4.1 35.2

Popliteal lymph nodes | 134.2 4.5 29.8

Liver 733.3 35.0 21.0

Spleen 211.3 5.3 39.9

Plasma 77.8 2.3 33.8

In addition to targeting liposomes to the phagocytic system, other areas in the
body have also been of interest. Kompella et al. [68] evaluated the effect of
neutral liposomes on corneal and conjuctival permeability of ddl. While the
liposomal formulations were able to encapsulate ddl and permeate through the
rabbit conjuctivial mucosa, the permeability coefficient, initial flux and tissue
levels of ddl at the end of the transport study were actually lower in the
presence of liposomal formulations. These neutral liposomes failed to enhance

the corneal or conjuctival transport or uptake of ddl.

66




One of the disadvantages of liposomes is poor stability in terms of drug
retention and poor encapsulation. When assessing the stability of ARVs
incorporated into liposomes, Betageri [69] found that lipid composition
influenced encapsulation and retention of ddI-triphosphate (ddITP); and that its

retention in the DMPC:CHOL liposomes was maximum when stored at 4 °C.

A novel liposomal formulation, i.e., “emulsomes” for sustained and targeted
delivery of AZT to the liver has recently been described by Vyas et al. [25].
Emulsomes are a novel lipoidal vesicular system with an internal solid fat core
surrounded by a phospholipid bilayer. In addition to demonstrating a retarded
drug release profile (12-15% after 24 hours), studies in rats showed better
uptake of the emulsomal formulations by the liver cells. We agree with the
researchers that this proposed cationic emulsome-based system shows

excellent potential for intracellular hepatic targeting.

Liposomes have clearly been more extensively investigated for their in vitro
and in vivo properties than other NDDS for ARV delivery. A greater number of
drugs and prodrugs have been encapsulated and additional formulation
optimisation techniques and in vivo evaluations have been undertaken. These
studies highlight and underscore the potential benefits of liposomes for

improving ARV drug therapy.
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3.4 Nanoparticles

Drug encapsulated nanoparticles are solid colloidal particles that range from
10-1000 nm in size [70]. Based on their size and polymeric composition, they
are able to target drug to specified sites in the body and have also shown
potential for sustained drug delivery [71]. Nanoparticles have also been
explored for improving the formulation and efficacy of drugs with
physicochemical problems such as poor solubility and stability [72]. They are
being increasingly investigated for targeted delivery of ARVs to HIV infected
cells and to achieve sustained drug release kinetics. Their encapsulation into
such systems may provide improved efficacy, decreased drug resistance, a
reduction in dosage, a decrease in systemic toxicity and side effects, and an

improvement in patient compliance.

Cells of the mononuclear phagocytic system (MPS), such as the
monocytes/macrophages (Mo/Mac), act as a reservoir for the HIV virus [73].
Therefore, drug treatment of HIV infection should involve targeting drugs to
these cells in addition to the lymphocytes. Several studies involving ARV
loaded nanoparticles for targeting to the macrophages have consequently
emerged. In an early preliminary study, Schafer et al. [74] prepared AZT loaded
polyalkycyanoacrylate (PACA), polymethylmethacrylate (PMMA) and human
serum albumin (HSA) nanoparticles. This study confirmed uptake of the
nanoparticles into macrophages isolated from HIV infected patients. The same

group also later prepared and confirmed the potential of human serum albumin
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and poly(hexylcyanoacrylate) nanoparticles loaded with the nucleoside
analogues, AZT and ddC for the targeting of macrophages. These in vitro
studies were also undertaken using macrophages isolated from the peripheral
blood of healthy blood donors and transmission electron microscopy [75].
Saquinavir (SQN) and ddC, have also been loaded into
poly(hexylcyanoacrylate) nanoparticles [76] by emulsion polymerization. While
ddC showed no superiority to an aqueous solution of the drug in terms of
reducing the HIV-1 antigen production, a significantly higher efficacy was
observed for SQN loaded nanoparticles as compared to its aqueous solution.
An in vivo study in rats to investigate the oral delivery of AZT bound to
hexylcyanoacrylate nanoparticles for delivery to the reticuloendothelial cells
was undertaken by Lobenberg, Araujo, and Kreuter [77]. The area under the
curve (AUC) of ["*C] AZT in the liver was 30% higher when the drug was bound
to nanoparticles than after administration of the solution. Higher AZT levels
were also found in the blood and brain when nanoparticles were used as
compared to the control solution. In an in vivo study a year later using the
intravenous route instead, they showed that AZT concentrations were up to 18
times higher in organs of the RES if the drug was bound to nanoparticles as
compared to unbound AZT [78]. Surface modification of nanoparticulate
systems with hydrophilic groups such as polyethylene glycol has been shown
to influence the biodistribution of nanoparticles [79]. Using THP-1 human
monocyte /macrophage (Mo/Mac) cell line, Shah and Amiji [80] showed that a
significantly higher percentage of the administered dose of nanoparticles was

internalized within the cells when SQN was incorporated into poly(ethylene
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oxide)-modified poly (epsilon-caprolactone) nanoparticles (200 nm). Also,
intracellular SQN concentrations were significantly higher when administered
in the surface modified nanoparticles as compared to its aqueous solution. A
possible limitation of this study is that while aqueous solutions of SQN were
compared to SQN PEG modified nanoparticles, a comparative study with
surface unmodified SQN nanoparticles was not performed. This would have
provided greater insight to the contribution of PEG specifically for ARV delivery.
Most recently, the uptake of AZT loaded poly(lactic acid)-poly(ethylene glycol)
nanoparticles by polymorphonuclear leucocytes in vitro was shown to be

dependant on PEG and its ratio in the polymer [81].

Since the HIV virus can migrate to, multiply and localise in the CNS causing
several neurological disorders, targeting of ARV drugs to the brain has become
a significant goal for drug therapy. The blood brain barrier (BBB) prevents
access of ARVs to the brain due to the tight endothelial cell junctions of the
brain capillaries and the presence of efflux transporters on the cell surface [81].
Nanoparticulate systems promote drug delivery in the brain, since they may
gain entry by means of endocytosis/phagocytosis and are also moved away
from the vicinity of efflux pumps [82, 83]. Kuo [84] therefore loaded D4T into
polybutylcyanoacrylate (PBCA) and methylmethacrylate-
sulfopropylmethacrylate (MMA-SPM) nanoparticles for brain targeting. Drug
loading of the nanoparticles (59.5-149.2 nm) was inversely proportional to
particle size and was also affected by freeze-drying and preservation as it

influenced particle size. Similar to other studies [85], they also found pH to be
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critical, since variation in pH value of the loading medium from pH 7.2 led to a
reduction in the loading efficiency of D4T. Kuo and Chen [86] then evaluated
the effects of size of PBCA and MMA-SPM nanoparticles and alcohol on the
permeability of AZT and lamivudine (3TC) across the BBB using blood brain-
microvascular endothelial cells model (BMEC). Both loading efficiency and
permeability of AZT and 3TC decreased with an increase in the particle size of
the two polymeric carriers. While PBCA nanoparticles increased the BBB
permeability of AZT and 3TC 8-20 and 10-18 fold respectively, the MMA-SPM
nanoparticles led to a significant 100% increase in the BBB permeability of both
drugs. A 4-12% enhancement in the BBB permeability of the two drugs with
0.5% ethanol was attributed to temporary unfolding of tight junctions among
BMECs upon treatment with alcohol. In a subsequent paper, these authors
compared the transport of D4T, delaviridine (DLV) and SQV across the in vitro
BBB using (PBCA), (MMA-SPM) and also solid lipid nanoparticles (SLNs) [83].
These various polymeric systems investigated enhanced permeability of the
drugs with higher permeabilities being reported with smaller particle sizes. In
their most recent paper, Kuo and Kuo [87] showed that exposure to an
electromagnetic field (EMF) could further enhance drug permeability across the
BBB. The potential of SLNs for targeted brain delivery of another ARV,

atazanavir, has also recently been confirmed [88].

More recently, a novel approach was proposed by Dou et al. [89, 90]. They
postulated that the mononuclear phagocytes, as the principal reservoir for viral

dissemination, could also serve as a transporter of antiretroviral drugs
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themselves, since they are responsible for dissemination of HIV, i.e.,
macrophages can enter into tissues that limit entry of many ARV drugs. In
these two papers, they describe a macrophage based nanoparticulate system
as a carrier itself for indinavir (INV). A nanoparticle indinavir (NP-INV)
formulation was prepared and packaged into bone marrow-derived
macrophages (BMMs). The effects of this drug carrier on drug distribution and
disease outcomes were assessed in immune competent and human
immunodeficiency virus type 1 (HIV-1) infected humanised immune-deficient
mice [89]. Significant lung, liver and spleen BMMs and drug distribution were
observed. This initial study also reported reduced numbers of virus infected
cells in plasma, lymph nodes, spleen, liver and lung as well as CD4(+) T-cell
protection when the NP-IDV BMMs were administered to HIV-1 challenged
humanised mice. Later, a similar NP-INV formulation was prepared with Lipoid
E80 [90]. They reported sustained drug release from the macrophages. The
administration of NP-INV, when compared to equal drug levels of free soluble
INV, also significantly blocked induction of multinucleated giant cells,
production of reverse transcriptase activity in culture fluids and cell associated
HIV-Ip24 antigens after HIV-1 infection. This study proved that use of a
macrophage based NP delivery system has potential for the treatment of HIV-

1 infections.
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Figure 4: Scanning electron micrograph of ddl loaded mannose coupled

gelatin nanoparticles (x30000) (Reproduced from Jain et al., 2008).

The use of ligands on nanoparticles for receptor mediated targeting has just
been reported in the literature [91-92]. Since macrophages contain various
receptors such as mannosyl, galactosyl and others, Jain et al [91] prepared
mannosylated gelatine nanoparticles (MN-G-NP) (248-325 nm) (Figure 4) with
a drug encapsulation of 40.2-48.5%. Via fluorescence and ex vivo studies
using alveolar macrophages from rats, they showed a 18.0 and 2.7 times
higher uptake by the macrophages from MN-G-NPs as compared to the free

drug and uncoated G-NPs (Figure 5).
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Figure 5: Drug uptake from ddl containing mannosylated gelatin
nanoparticles by alveolar macrophages at different time points at 37+2°C
(Reproduced from Jain et al., 2008).

The use of nanoparticles for targeting other areas, such as the gastrointestinal
mucosa and associated lymphoid tissues has also been reported by Dembri et
al. [93]. As compared to the drug solution, AZT loaded isohexylcyanoacrylate
nanoparticles were able to efficiently concentrate AZT in the intestinal mucosa.
They also found that the nanoparticles were also able to control the release of

free AZT.

Solid lipid nanoparticles (SLNs) are prepared from lipids that remain in a solid
state at room and body temperature. Heiati et al. [94] initially prepared SLNs
consisting of AZT-palmitate (AZT-P) and trilaurin (TL) as the solid core with
dipalmitoylphosphatidylcholine (DPPC), and a mixture of DPPC and

dimyristoylphosphatidylglycerol (DMPG). Their study concluded that the
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loading of AZT-P was proportional to the concentration of phospholipids
content and was independent of the amount of trilaurin used. Phospholipids
with transition temperatures below 37°C increased drug release. In a
subsequent study, coating the SLNs with a PEG layer on its surface further
increased the levels of AZT in the blood, since PEG creates a steric barrier that
reduces particle uptake, thereby prolonging circulation [95]. They also found
that the SLN-PEG nanoparticles were able to decrease the drug release rate
in plasma as compared to SLN particles without PEG. The studies by this
research group confirmed that surface modification with PEG could be used for

controlling drug release and the pharmacokinetic behaviour of SLNs.

While the majority of studies have focused on targeted delivery of ARVs with
nanoparticles, some studies have also focused on modifications to its
preparation to enhance drug loading and decrease toxicity; and also to
increase its absorption by facilitating pH-sensitive drug release. Boudad et al.
[96] prepared SQN loaded poly(alkylcyanoacrylate) nanoparticles and showed
that incorporation of cyclodextrins enhanced the entrapment of SQN. Studies
on the Caco-2 cell line showed that incorporation of cyclodextrins with
nanoparticles decreased cytotoxicity when compared to blank and SQN loaded
nanoparticles. The ability of cyclodextrins to mask to some extent the cytotoxic
effects of the aliphatic alcohols originating from the hydrolytic degradation of
the polymers was proposed as a possible reason for this effect. The oral
bioavailability of a poorly water soluble HIV-1 protease inhibitor (CGP 70726-

Novartis) was also enhanced when incorporated into pH sensitive
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nanoparticles prepared from poly(methacrylic acid-co-ethacrylate) copolymer

Eudragit L100-55 [72].

The surge of interest in nanoparticulate systems for ARV therapy has led to
several drugs being studied for its incorporation. These in vitro/in vivo studies
clearly confirm the ability of nanoparticles to enhance the therapeutic efficacy

of ARVs, as well as, addressing formulation problems.

3.5 Nanocontainers

Dendrimer based systems have also been explored for the concept of ARV
targeting. Dendrimers are characterized as being synthetic, highly branched,
spherical monodispersed macromolecules. Due to their unique architecture
and macromolecular characteristics, they have emerged as an important class
of drug carrier for targeted delivery [97-98]. Hence, not surprisingly, they have
just been reported for targeting of ARV drugs. Recently, Dutta et al. [99]
prepared poly(propyleneimine) (PPI) dendrimer based nanocontainers for
targeting of efavirenz (EFV) to Mo/Mac. Fifth generation PPl dendrimer, t-Boc-
lycine conjugated PPI dendrimer (TPPI) and mannose conjugated dendrimers
(MPPI) were synthesized and used to prepare “nanocontainers”. Like a
dendritic box, these molecules act as closed containers of nanoscopic size
containing the entrapped drug and are therefore called nanocontainers. The
drug entrapment efficiency of the nanocontainers varied, with the mannose
conjugated dendrimer being 47.4%, followed by that of the PPl dendrimer

(32.15%) and t-Boc-glycine conjugated dendrimer (23.1%). While the PPI
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dendrimer released the drug by 24 hours, the dendrimer based nanocontainers
of t-Boc glycine and mannose conjugated dendrimers prolonged the release
rate up to 144 hours. The authors found significant increase in cellular uptake
of EFV by Mo/Mac with nanocontainers of the mannose conjugated dendrimer
being 12 times higher than that of free drug and 5.5 times higher than those of
t-Boc-glycine conjugated dendrimer. Further, PPl showed a very high toxicity
on HEPG2 cells while TPPI and MPPI had negligible toxicity (Figure 6). These
differences were attributed to the free terminal amino groups in PPl which is
masked in MPPI and TPPI. This study therefore showed that mannosylated
PPl dendrimers could be an effective carrier system for targeted delivery of

EFV and possibly other ARVs.
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Figure 6: Cytotoxicity of poly(propyleneimine) (PPIl) dendrimer and its
nanocontainers, t-Boc-lycine conjugated PPI dendrimer (TPPI) and mannose
conjugated dendrimers (MPPI) (a) after 24 h and (b) after 48 h of incubation for
targeting of efavirenz (EFV) to Mo/Mac. (values = mean +SD, n=3)
(Reproduced from Dutta et al., 2007).

3.6 Micelles and Microemulsions

Microemulsions have been studied for ARV drug delivery as an approach to
redirect the absorption of ARV from the portal blood to the HIV-rich intestinal
lymphatics, thus enhancing the bioavailability of drugs that undergo extensive
first-pass metabolism and have poor oral bioavailability. Three formulations of
SQN containing oleic acid have been studied [100] for targeted intestinal

lymphatic transport using rats as the in vivo model: cremophor-oleic acid mixed
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micelles, D-Alpha tocopheryl polyethylene glycol 1000 succinate (TPGS)-oleic
acid mixed micelles and an oleic acid microemulsion. The extent of lymphatic
transport from the lipid vehicles was 0.025-0.5% of the dose administered. The
microemulsion generated higher and more prolonged mesenteric lymph
concentrations than the micellar formulations (Figure 7). The systemic
bioavailability was estimated to be 8.5% and 4.8% for the cremophor mixed
micelle and the microemulsion, respectively. Since the cremophor mixed
micelles produced higher bioavailability than TPGS mixed micelles, the
researchers concluded that the nature of the surfactant can influence
biodistribution of the drug between lymph and plasma.
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Figure 7: Concentration of SQN in intestinal lymph versus time (Mean £S.E.,
n>5). SQN (5 mg) was administered intraduodenally to anaesthetized rats in a
cremophor-oleic acid mixed micellar formation (closed circle), a TPGS-oleic
acid mixed micellar formulation (closed circle) or as an oleic acid
microemulsion (closed triangle) (Reproduced from Griffin and O’Driscoll,
2006).
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3.7 Nanopowders

Most recently, nanopowders have been used as a delivery system for oral
administration to enhance the dissolution rates of poorly soluble drugs. Tween
80/poloxamer 188 stabilised nanosuspensions of the hydrophobic ARV,
loviride, were prepared by media milling, and sucrose co-freeze dried to obtain
solid nanopowders [101]. Morphological characterisation showed plate like
structures in the nanopowder which was different from the morphology of
untreated loviride crystals (Figure 8) Loviride showed higher dissolution rates
in nanosized products than in their respective physical mixtures, i.e., the
amount of drug released after 15 minutes was 104.2% for the nanopowder
prepared from freeze drying with sucrose, 58% for the freeze dried
nanosuspension without sucrose, 54.8% for the physical mixture containing
sucrose, 14.5 % for the physical mixture without sucrose and 64.7% for the
pure untreated loviride (Figure 9). The addition of sucrose also further
enhanced the dissolution rates. Caco-2 experiments revealed a significantly
higher transport of loviride from the nanopowder formulation as compared to
the physical mixture and the untreated loviride. Nanopowders were able to
increase the dissolution rate due to its high surface area while sucrose had an

additional enhancing effect due to its disintegrant properties.
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Figure 8: Scanning electron micrographs of 1) nanopowder and 4)
untreated loviride crystals (Reproduced from Van Eerdenbrugh et al.,
2007).

81



120,

8 1 I )
100 i j ¥
_‘:—?’{
80 —
% 60 & 7
o /
] v //
® 404 ,v"/// _‘—“"’—/‘
' ,‘/ ! f—/F_“_._————
f ’ <-,.‘— T

80 80 100 120 140 180
Time (minutes)

Figure 9: Dissolution profiles: freeze-dried nanosuspension without
sucrose (open diamond), physical mixture without sucrose (closed
diamond), nanopowder (Open Square), physical mixture with sucrose
(closed square), and untreated loviride (closed triangle). (Reproduced
from Van Eerdenbrugh et al., 2007).

3.8 Suspensions

Since studies with INV in HIV positive patients have indicated that drug
concentrations in lymph node mononuclear cells were about 25-35% of
mononuclear cells in blood, in a proof of concept study, Kinman et al. [102]
showed that association of INV with lipids could enhance localisation in
lymphoid tissues and also reduce the viral load. This was accomplished by
preparing lipid associated complexes in suspension for subcutaneous injection

to HIV-2287-infected macaques. They showed that INV concentrations in both
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peripheral and visceral lymph nodes were 250-2270% higher than plasma as
compared with <35% with soluble lipid-free drug administration in humans.
Also, administration of the INV-lipid complexes reduced significantly the viral

RNA load and increased CD4 T cell number concentrations (Figure 10).
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Figure 10: Changes in plasma viral load of one HIV-2237-infected
macaques at 25 weeks postinfection and treated with 10 daily 20-mg/kg
(SC) doses of lipid-associated indinavir over 14 days. (Reproduced from
Kinman et al., 2003).

3.9 Transdermal delivery
The advantages offered by drug administration via the transdermal route
include; avoidance of first pass effect and/or Gl degradation, reduced

fluctuations in plasma drug concentrations, excellent targeting of the drug for
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local effect as well as improved patient compliance [103, 104]. The potential of
ARVs for transdermal administration has therefore been extensively reported.
The various transdermal permeation studies with ARV drugs specifically in
terms of the focus/foci of the particular investigation and main outcomes of the
study are summarised in Table 3. The most commonly investigated drug thus
far for transdermal delivery has been AZT, although there are some studies
that have also investigated ddC and ddl for transdermal delivery. One of the
limitations of transdermal delivery of drugs is poor skin/percutaneous
penetration/absorption of drugs. Hence, the majority of ARV transdermal
studies have focused on permeation enhancement investigating, inter alia,
various chemical enhancers, type of vehicles (solvents/cosolvents), as well as
iontophoresis and anodal current application. Table 3 identifies specifically the
various penetration enhancers and vehicles that have been specifically
investigated thus far. These various permeation enhancement variables either
alone or in combination have been found to be beneficial in promoting ARV

drug permeation through the skin.

In addition to comparative permeation enhancement studies with drug
solutions, some studies have developed and evaluated transdermal delivery
systems of an ARV drug. Gels containing AZT [105, 106] and AZT patches
using a gum matrix [107, 108] have been developed. Both were found to be
capable of facilitating ARV permeation and the gel formulations were also
found to be more stable than drug solutions. One of the first vesicular carriers

to be studied for transdermal delivery of AZT was aspasomes [109]. These are
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vesicles formed from ascorbyl palmitate (ASP) in combination with cholesterol
and a negatively charged lipid (dicetyl phosphate). Figure 11 shows that
aspasomal AZT (ASP-AZT) was able to significantly enhance transdermal
permeation of drug as compared to the AZT solution. Although lower than ASP-
AZT, the higher drug permeation of ASP-AZT dispersion as compared to AZT
free drug solution showed that ascorbyl palmitate had skin permeation
enhancing properties. An elastic liposomal formulation of AZT has also
enhanced transdermal flux, provided sustained drug release and improved site
specificity of the drug [51]. Pheroid™ is a patented submicron emulsion which
has been shown to entrap, transport and deliver several pharmacological
compounds for enhanced therapeutic action [110, 111]. Pheroid™ comprises
essential and plant fatty acids, i.e., ethyl esters of the essential fatty acids,
oleic, linolenic and linoleic acids, which are emulsified in water and saturated
with nitrous oxide. As shown in Table 2, oleic acid is an effective permeation
enhancer due to its kinked structure that briefly disrupts the packed formation
of the intercellular lipids [112]. Recently, the use of Pheroid ™ was investigated
for its potential to enhance the transdermal permeation of ddC, 3TC and
several N-acyl lamivudine esters [113]. However, while the drugs were shown
to be entrapped in the Pheroid™, the transdermal flux of the drugs in Pheroid™
was lower than in PBS. Hence, the Pheroid™ delivery system showed no

practical advantage in terms of its transdermal application.
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Figure 11: In vitro permeation profiles of AZT across excised rat skin
following treatment with various systems i.e. aspasomal AZT
(ASPASOME); AZT-ASP dispersion (AZT+ASP), free AZT solution (AZT-
Soln) (Reproduced from Gopinath et al., 2004).

The various transdermal delivery studies with drugs such as ddl, ddC and AZT
using various animal models such as the skin of rat, mouse, pig and human

cadaver have confirmed the potential of ARV drugs for transdermal delivery.

3.10 Buccal delivery

Delivery of drugs via the buccal mucosa has received increased attention in
the literature as an attractive alternative to the traditional oral and other
conventional routes of drug administration. Use of the buccal mucosal route

presents several advantages, such as the bypass of first pass hepatic

86



metabolism and avoidance of gastrointestinal enzymatic degradation, thereby
increasing the bioavailability of drugs [114]; higher permeability than that of the
other routes such as the skin [115]; larger surface area for drug application,
and good accessibility compared to other mucosal surfaces such as nasal,
rectal and vaginal mucosa [116]. ARV drugs may therefore benefit from buccal

mucosal administration instead of traditional oral administration.

Studies investigating the feasibility of the systemic buccal delivery of anti-HIV
drugs have emerged. Shojaei et al. [117] initially investigated the use of a safe
and effective permeation enhancer, i.e., menthol, on the buccal permeation of
ddC. This study showed that the in vitro transbuccal permeation of ddC
increased significantly in the presence of 1-menthol with an enhancement
factor of 2.02 and a tag of 6 hours. The permeation enhancement was not
concentration dependent as no significant difference was observed between
the permeation enhancement of ddC in the presence of 0.1, 0.2, and 0.3 mg/mL
of 1-menthol [117]. Later, Xiang et al. [27] also studied the feasibility of
transbuccal delivery of ddC using Mcllvaine buffer solution (IMB). Their study
focused on identifying the major permeation barrier within the epithelium of the
buccal mucosa, the influence of sodium glycodeoxycholate (GDC) as a
permeation enhancer as well as the histological effects of ddC on the buccal
mucosa. These researchers reported that the basal lamina layer within the
epithelium of buccal mucosa acted as an important barrier to the permeation
of ddC. They also found that the permeability of ddC was significantly

enhanced by GDC up to 32 times (Figure 12). Histological studies revealed
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that the basal lamina remained intact and no nucleated cell leakage was found
within 24 hours. These studies also showed that the thickness of epithelium
was greatly reduced after buccal tissues were immersed in IMB solution for 12
and 24 hours, and no difference was observed between the tissue samples
incubated in the IMB and ddC IMP solution. These two research groups
concluded that transbuccal delivery is a potential route of administration of ddC,

and hence for enhancing antiretroviral drug therapy.
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Figure 12: Cumulative amount of ddC permeating through the porcine
buccal mucosa without GDC (closed triangle) and with co-administration
of GDC (closed square). Data are presented as meanstS.D. (n=3)

(Reproduced from Xiang et al., 2002).
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Unlike the transdermal route, the buccal route for ARV permeation potential
has not been comprehensively investigated. The reported studies to date have
focused only on 2 different permeation enhancers and no studies on the
formulation and assessment of buccal delivery systems of ARVs could be

found.

3.11 Rectal delivery

The rectal route has also been considered for effective delivery of ARV drugs
that undergo first pass hepatic metabolism and/or extensive Gl degradation.
Two studies were found to have been reported in the literature. Sustained-
release AZT suppositories were prepared [118] using hydroxypropyl cellulose
(HPC) and assessed in rats. It was found that AZT suppositories at 10 mg/kg
maintained constant plasma levels above 1 uM for more than 6 hours and they
subsequently proposed suppositories as an alternative drug delivery system

for AZT (Figure 13).
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Figure 13: Plasma concentration-time profiles following the administration of
AZT suppositories: conventional (open triangle) and sustained release (open

circle) (Reproduced from Kawaguchi et al., 1991).

A further study of rectal administration of AZT [119] showed that the drug was
considerably absorbed after rectal administration, with a pharmacokinetic
profile that resembled that of a sustained-release delivery device No further
studies on this approach have since been identified in the literature. The work
in this area appears to be limited, most probably due to patient inconvenience,

as well as the fact that HIV/AIDS patients often suffer from diarrhoea.
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Table 3: Summary of transdermal delivery studies on ARVSs.

ARV Drugs | Focus/Foci of study Summary of main Reference
findings
AZT Investigated effect of N-methyl-2- Permeation of AZT was [120]
pyrrolidone (MP) as a penetration significantly enhanced
enhancer and ethylene-vinyl acetate | and plasma
copolymer membrane for controlled- | concentration of AZT
release. maintained for 10 hours
after the application of
MP controlled - release
transdermal system.
ddl Explored transfollicular absorption Systemic bioavailability [121]
route for ddl and investigated effect in high and low follicular
of penetration enhancers, i.e. azone density rats was similar
and propylene glycol. Determined the | indicating unimportant
pharmacokinetics of ddl after topical role of the transfollicular
application. route for ddl.
Transdermal delivery of
ddl exceeded the oral
bioavailability and was
further increased by pre-
treatment with
absorption enhancers.
AZT Investigated the effect of t-anethole, Transport of AZT was [106]
carvacrol, thymol, linalool and L- optimum with 5%
menthol. Determined the in vivo enhancer
performance of AZT gel formulation. concentrations. In vitro
studies produced higher
amount and rate of AZT
transport than in vivo
studies.
ddC Determined stability profiles of drugs | AZT was found to be [122]
ddl in solution when in contact with stable for 30 hours at
AZT hairless rat skin and identified the 37°C. ddC and ddI

degradation mechanisms of ddC and
ddl.

degraded by bacterial
and ddl by cutaneous
enzyme- degradation
mechanisms. ddC was
stabilized with
thimerosal or
gentamicin, while ddlI
was stabilized with para-
chloromercuricbenzoic
acid
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ddC

Investigated the effects of
ethanol/water and ethanol/tricaprylin
cosolvents and other permeation
enhancers such as oleic acid and N-
methyl-2-pyrrolidone.

Permeation rate across
human cadaver skin was
significantly lower than
across hairless rat skin.
Enhancement of ddC
permeation using 1 %v/v
of oleic acid in
ethanol/water (60:40)
cosolvent was 4-5 times
higher than target rate of
0.14mg/cm?/h to
maintain the therapeutic
blood level.

[123]

AZT

Determined drug release from AZT
patches made from Karaya gum
through excised hairless mouse skin
and also investigated the effect of
enhancers.

Thickness of gum matrix
and enhancers such as
propylene glycol, oleic
acid, and sodium
dodecyl sulphate
influenced drug release
from patches.
Permeation was best
enhanced with
propylene glycol/oleic
acid/sodium dodecyl
sulfate ternary system.

[108]

ddC
ddl
AZT

Investigated effects of ethanol/water
and ethanol/tricaprylin as cosolvent
systems and oleic acid as
permeation enhancer on permeation
rate of each of the drugs alone.

Permeation rates of
AZT, ddC and ddl
increased with
ethanol/water and
ethanol/tricaprylin
cosolvent systems.
Addition of oleic acid to
the ethanol/water
system enhanced
permeation but did not
with the
ethanol/tricaprylin
system. Permeation
rates reached the target
for required therapeutic
levels with ethanol/water
(60:40) containing oleic
acid at 1.0 %v/v

[124]

DdC
Ddl
AZT

Investigated effects of ethanol/water
and ethanol/tricaprylin as cosolvent
systems and oleic acid as
permeation enhancer on the
simultaneous skin permeation of the
3 drugs together using hairless rat
skin.

Permeation rates of
AZT, ddC and ddI
increased with
ethanol/water and
ethanol/tricaprylin.
Addition of oleic acid in
ethanol/water (80:20)
significantly increased
permeation but not in
the ethanol/tricaprylin
(50:50) solvent.

[125]
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ddC
ddl
AZT

Compared the skin permeation rates
of ddC, ddl and AZT, alone or in
combination with various
compositions of ethanol/water and
ethanol/tricaprylin cosolvent systems,
across human cadaver and rat skins.

Human cadaver skin
permeation rates of the
drugs alone, or in
combination were lower
than the rat skin. The
addition of oleic acid at
0.3 — 1% v/v increased
permeation rate of all
three drugs.

5 % vlv oleic acid
increased permeation
rate of ddC and ddl in
combination and
saturated in
ethanol/water (80:20).

[126]

ddC
ddl
AZT

Compared permeation rates of
drugs. Permeation enhancing effects
of ethanol/water systems and oleic
acid were investigated.

Permeation increased
as volume fraction of
ethanol increased. For
ddC, ddl and AZT,
addition of oleic acid
(>2.0%w/v) in
ethanol/water (70:30)
further enhanced skin
permeation rate.
Enhancement for
hydrophilic drugs was
greater than for lipophilic
drugs.

[127]

Investigated transdermal flux of AZT
using iontophoresis and propylene
glycol/oleic acid. Effect of flux
enhancement by iontophoresis was
also investigated using a karaya gum
matrix formulation of AZT and
compared with AZT solution.

Enhancement of
transdermal flux by
iontophoresis was
smaller with the karaya
gum matrix containing
AZT. The iontophoretic
flux from AZT solution
increased about 4-5 fold.
Penetration enhancers
increased the passive
flux 2-50 fold and
worked synergistically
with iontophoresis.

[107]
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AZT Investigated permeation of AZT Permeability enhancing [128]
using penetration enhancers such properties of the
as: menthol, cineole, linolenic acid, penetration enhancers
oleic acid, in combinations of cineole | were in the order of
or menthol with either oleic acid or linolenic acid > menthol
linolenic acid or anodal current > oleic acid > cineole >
application. vehicle. Combination of

cineole and oleic acid
enhanced permeation.
Simultaneous
application of current
with menthol and cineole
significantly increased
AZT permeation.

AZT Compared permeation of a AZT gel Gel formulation was [105]
formulation including penetration found to be more stable
enhancers (menthol and oleic acid) than solutions. There
with solutions. was no retardation in

permeability of AZT in
the gel formulation
across the rat skin
compared to the AZT
solution. Combination of
penetration enhancers
at 2.5% w/w enhanced
permeation.

AZT Investigated effects of binary Ethanol/IPM (50/50, v/v) [129]
vehicles [ethanol/water; isopropyl demonstrated highest
alcohol/water; polyethylene transdermal flux. Use of
glycol/water; and ethanol/isopropyl vehicle and enhancer
myristate (IPM)], penetration combinations
enhancers [N-methyl-2-pyrrolidone (ethanol/IPM 20/80 plus
(NMP); oleic acid; and lauric acid] 10% NMP and
and polymer [microporous ethanol/IPM 30/70 plus
polyethylene (PE) membrane] on 10% NMP) resulted in
permeation. increased AZT solubility

as well as high AZT flux
values, when compared
to vehicles without
enhancers.

AZT Investigated permeation of AZT Terpenes enhanced [130]

across human cadaver skin and the
effect of terpenes [L-menthol and 1,
8-cineole] on phase behavior and
molecular organization of a model
Stratum Corneum (SC) lipid system.

permeation of AZT by
transforming SC lipids
from a highly ordered
orthorhombic
perpendicular
subcellular packing to a
less ordered hexagonal
subcell packing.
Terpenes caused
disruption / alteration in
the barrier property of
SC and enhanced
permeation of AZT more
than ethanol and water.
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AZT Evaluated the formation and Proportion of cholesterol [115]
transdermal permeation properties of | affected drug release
aspasomes containing AZT. rate with maximum
retardation achieved
with 45 mol% of
cholesterol. Aspasomes
had better antioxidant
activity than ascorbic
acid. Asposomal AZT
enhanced transdermal
permeation of the drug.

AZT Evaluated use of elastic liposomes Elastic liposomes [51]
for transdermal delivery of AZT enhanced transdermal
flux, provided sustained
drug release and
improved site specificity

of AZT.
3TC Determined the in vitro transdermal Drugs with higher [113]
ddC permeation of ddC, 3TC and aqueous solubilities
N-acyl-3TC | synthesized 3TC esters through displayed greater
esters human epidermis with or without transdermal flux values

Pheroid™ as drug delivery system both in PBS and
Pheroid™ .Transdermal
flux values of drugs in
Pheroid™ were lower
than in PBS.

4. Conclusions and Future Studies

Despite significant advances that have been made in understanding the
mechanism of HIV infection and identifying effective treatment approaches, the
search for optimum treatment strategies for AIDS still remains a major
challenge. Results presented in this review indicate that novel drug delivery
systems clearly present an opportunity for formulation scientists to overcome
the many challenges associated with antiretroviral drug therapy. The use of
such systems began in the early 1990’s but it is only within the past 5 years
that there appears to be a sudden surge of interest and publications in the use
of novel drug delivery systems for ARV drugs. While several novel drug delivery

systems have been investigated for ARV delivery, recently there appears to be
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greater interest and advancement in the use of liposomes and nanoparticles
as compared to other systems. While the clinical potential for several NDDS
have been reported from in vitro and animal studies, there is a lack of data on
formulation  optimisation and detailed physico-chemical/mechanical
characterisation of these NDDS. Since HIV/AIDS treatment involves
combination drug therapy, the potential of these novel drug delivery systems
for simultaneous loading of various drug combinations needs to be
investigated. While the potential of alternate routes of ARV drug administration
such as transdermal and buccal has been confirmed, the design and
development of drug delivery systems for these routes specifically are currently
lacking. Correlations between the performances of these systems with their
permeation potential need to be established. Although various papers report
efficacy studies under in vitro conditions including experimental animal studies,
there is a significant lack of data on the clinical applicability (human in vivo
studies) and toxicity of these preparations. These therefore need to be
extensively explored. Based on the complexity of the disease and the
formulation optimisation and evaluation studies required, multidisciplinary
research would be essential for eventual commercialisation of NDDS

containing ARV drugs.

Acknowledgements
The authors are grateful to Aspen Pharmacare (South Africa) and University of
KwaZulu Natal for financial support. Ms A Sevakram is also acknowledged for

her technical assistance.

96



References

[1] A.S. Fauci, H.C. Lane, The acquired immunodeficiency syndrome
(AIDS), in: J.D. Wilson, E. Braunwald, K.J. Isselbacher, R.G. Peterdorf, J.B.
Martin, A.S. Fauci & R.K. Root (Eds.), Harrison’s Principles of Internal
Medicine, 12" ed., McGraw-Hill, New York, 1991, pp. 1402-1410.

[2] P. Naidoo, Barriers to HIV Care and Treatment by Doctors : A review of
the literature, SA Fam Pract. 48 (2006) 53.

[3] UNAIDS : AIDS epidemic update, 2007. [online] [cited 29/11/07].
Available
from:http://www.unaids.org/en/HIV_data/2007EpiUpdate/default.asp.

[4] M.P. Girard, S.K. Osmanov, M.P. Kieny, A review of vaccine research
and development: the human immunodeficiency virus (HIV), Vaccine. 24
(2006) 4062-4081.

[5] J. Chinen, W.T. Shearer, 6. Secondary immunodeficiencies, including
HIV infection, J Allergy Clin Immunol.121 (2008) S388-92; quiz S417.

[6] S. Lucas, Update on the pathology of AIDS, Intensive Crit Care Nurs.17
(2001) 155-166.

[7] D.R. Littman, Chemokine receptors: keys to AIDS pathogenesis?, Cell.
93 (1998) 677-680.

[8] J.C. McArthur, B.J. Brew, and A. Nath, Neurological complications of

HIV infection, Lancet Neurol. 4 (2005) 543-555.

97



[9] C.W. Arendt, D.R. Littman, HIV: master of the host cell, Genome Biol. 2
(2001) REVIEWS1030.

[10] J.C. Learmont, et al., Immunologic and virologic status after 14 to 18
years of infection with an attenuated strain of HIV-1. A report from the Sydney
Blood Bank Cohort, N Engl J Med. 340 (1999) 1715-1722.

[11] C. Stoddart, R. Reyes, Models of HIV-1 disease:A review of current
status, Drug Discov Today Dis Models. 3 (2006)113-119.

[12] T.K. Vyas, L. Shah, M.M. Amiji, Nanoparticulate drug carriers for
delivery of HIV/AIDS therapy to viral reservoir sites, Expert Opin Drug Deliv.3
(2006) 613-628.

[13] C. Flexner, HIV drug development: the next 25 years, Nat Rev Drug
Discov. 6 (2007) 959-66.

[14] R.C. Rathbun, S.M. Lockhart, J.R. Stephens, Current HIV treatment
guidelines-an overview, Curr Pharm Des. 12 (2006)1045-1063.

[15] M.A. Sande, R.C. Moellering, D.N. Gilbert, The Sanford Guide to
HIV/AIDS therapy. Antimicrobial Therapy, Inc. US 2003.

[16] R.A. Elion, D. Mallory. Nucleoside and Nucleotide Reverse
Transcriptase Inhibitors in the Treatment of HIV: Focus on efficacy. [online]
[cited 24/10/07] Available from:
http://www.medscape.com/viewarticle/465383 1

[17] Antiretroviral Treatment Basics: HIV Treatment Guidelines: Therapeutic
Drug Monitoring Pacific AIDS Education and Training Centre. [online] [Cited

24/10/07] Available from: http://www.hivtools.com/ARV.php

98



[18] HIV/AIDS Drug Information. US Department of Health and Human
Services (DHHS). [online] [Cited 24/10/07] Available  from:
http://aidsinfo.nih.gov/DrugsNew/

[19] RxList The Internet Drug Index. RxList Inc, [online] [cited 27/3/08]
Available from: http://www.rxlist.com/cgi/generic/intelence_cp.htm

[20] J.M. Lanao, E. Briones,C.l. Colino, Recent advances in delivery
systems for anti-HIV1 therapy, J Drug Target. 15 (2007) 21-36.

[21] L. Highleyman, HIV Drugs and the HIV Lifecycle 2003 [online] [Cited
24/10/07] Available from: http://www.thewellproject.org/en_US/Treatmentand_
Trials/Anti_HIV_Meds/Lifecycle_and_ARVs.jsp.

[22] D Pieribone, The HIV Life Cycle 2002/2003. [online] [Cited 24/20/07].
Available from: http://www.thebody.com/content/art14193.htmi

[23] J.Li, S. Tang, |. Hewlett, M. Yang, HIV-1 capsid protein and cyclophilin
as new targets for anti-AIDS therapeutic agents, Infect Disord Drug Targets. 7
(2007) 238-244.

[24] X.L.Li, W.K. Chan, Transport, metabolism and elimination mechanisms
of anti-HIV agents, Adv Drug Deliv Rev. 39 (1999) 81-103.

[25] S.P. Vyas, R. Subhedar, S. Jain, Development and characterization of
emulsomes for sustained and targeted delivery of an antiviral agent to liver, J
Pharm Pharmacol. 58 (2006) 321-326.

[26] M.M. Amiji, T.K. Vyas, L.K. Shah, Role of Nanotechnology in HIV/AIDS
Treatment: Potential to Overcome the Viral Reservoir Challenge, Discov Med.

6 (2006) 157-162.

99



[27] J. Xiang, X. Fang, X. Li, Transbuccal delivery of 2',3'-dideoxycytidine: in
vitro permeation study and histological investigation, Int J Pharm. 231 (2002)
57-66.

[28] H. Mirchandani,Y.W. Chien, Drug delivery approaches for anti-HIV
drugs, Int J Pharm. 95 (1993) 1-21.

[29] K.A. Gates, et al., A new bioerodible polymer insert for the controlled
release of metronidazole, Pharm Res. 11 (1994) 1605-1609.

[30] U.V Banaker, Drug delivery systems of the nineties: Innovations in
controlled release, American Pharm. 2 (1987), 39-48.

[31] K.R. Kamath, K. Park, Mucosal Adhesive preparations. In: J. Swabrick,
J.C Boylan (Eds.), Encyclopedia of Pharmaceutical Technology. Marcel
Dekker: New York, United States of America, 1994. pp 133-163.

[32] G.V. Betageri, D.V. Deshmukh, R.B. Gupta, Oral sustained-release
bioadhesive tablet formulation of didanosine, Drug Dev Ind Pharm. 27 (2001)
129-136.

[33] A.P. Munasur, V. Pillay, D.J. Chetty, T. Govender, Statistical
optimisation of the mucoadhesivity and characterization of multipolymeric
propranolol matrices for buccal therapy, Int J Pharm. 323 (2006) 43-51.

[34] S. Govender, V. Pillay, D.J. Chetty, S.Y. Essack, C.M. Dangor, T.
Govender, Optimisation and characterisation of bioadhesive controlled release
tetracycline microspheres, Int J Pharm. 306 (2005) 24-40.

[35] P. Perugini, |I. Genta, B. Conti, T. Modena, F. Pavanetto, Periodontal
delivery of ipriflavone: new chitosan/PLGA film delivery system for a lipophilic

drug, Int J Pharm. 252 (2003) 1-9.

100



[36] C. Sanchez-Lafuente, S. Furlanetto, M. Fernandez-Arevalo, J. Alvarez-
Fuentes, A.M. Rabasco, M.T. Faucci, S. Pinzauti, P. Mura, Didanosine
extended-release matrix tablets: optimization of formulation variables using
statistical experimental design, Int J Pharm. 237 (2002) 107-118.

[37] C. Sanchez-Lafuente, M. Teresa Faucci, M. Fernandez-Arevalo, J.
Alvarez-Fuentes, A.M. Rabasco,P. Mura, Development of sustained release
matrix tablets of didanosine containing methacrylic and ethylcellulose
polymers, Int J Pharm. 234 (2002) 213-221.

[38] B.D. Anderson, M.B. Wyangst, T. Xiang, W.A. Waugh, V. Stella,
Preformulation solubility and kinetic studies of 2'3’-dideoxypurine nucleotides:
Potential anti-Aids agents, Int J Pharm. 45 (1988) 27-37.

[39] D. Deshmukh, W.R. Ravis, G.V. Betageri, Delivery of didanosine from
enteric-coated, sustained-release bioadhesive formulation, Drug Deliv. 10
(2003) 47-50.

[40] H.A. Benghuzzi, R.M. Barbaro, P.K. Bajpai, Sustained delivery of 3H-
thymidine by means of ceramic capsules in rats, Biomed Sci Instrum. 25 (1989)
169-177.

[41] H.A. Benghuzzi, R.M. Barbaro, P.K. Bajpai, In vitro release of
azidothymidine (AZT) by ceramic drug delivery systems, Biomed Sci Instrum.
26 (1990) 151-156.

[42] E.A. Nagy, P.K. Bajpai, Development of a ceramic matrix system for

continuous delivery of azidothymidine, Biomed Sci Instrum. 30 (1994) 181-186.

101



[43] M.R. Cannon, P.K. Bajpai, Continuous delivery of azidothymidine by
hydroxyapatite or tricalcium phosphate ceramics, Biomed Sci Instrum. 31
(1995) 159-164.

[44] Reed, W.G. Billotte, B.J. Rush, A. Odorzynski, K. Kreinbrink, P.K.
Bajpai, Hydroxyapatite-oil composites for delivering AZT in simulated body
fluid, Biomed Sci Instrum. 34 (1997) 59-64.

[45] H. Benghuzzi, Long-term sustained delivery of 3'-azido-2',3'-
dideoxythymidine in vivo by means of HA and TCP delivery devices, Biomed
Sci Instrum. 36 (2000) 343-348.

[46] A. Sharma, U.S. Sharma, Liposomes in drug delivery: progress and
limitations, Int J Pharm. 154 (1997) 123-140.

[47] A. Desormeaux, M.G. Bergeron, Liposomes as drug delivery system: a
strategic approach for the treatment of HIV infection, J Drug Target. 6 (1998)
1-15.

[48] S.X. Jin, D.Z. Bi, J. Wang, Y.Z. Wang, H.G. Hu, Y.H. Deng,
Pharmacokinetics and tissue distribution of zidovudine in rats following
intravenous administration of zidovudine myristate loaded liposomes,
Pharmazie. 60 (2005) 840-843.

[49] N.C. Phillips, E. Skamene,C. Tsoukas, Liposomal encapsulation of 3'-
azido-3'-deoxythymidine (AZT) results in decreased bone marrow toxicity and
enhanced activity against murine AIDS-induced immunosuppression, J Acquir

Immune Defic Syndr. 4 (1991) 959-966.

102



[50] N.C. Phillips, C. Tsoukas, Liposomal encapsulation of azidothymidine
results in decreased hematopoietic toxicity and enhanced activity against
murine acquired immunodeficiency syndrome, Blood. 79 (1992) 1137-1143.
[51] J. Subheet, A.K. Tiwary, N.K. Jain, Sustained and targeted delivery of
an anti-HIV agent using elastic liposomal formulation:Mechanism of Action,
Curr Drug Deliv. 3 (2006) 157-166.

[52] P. Harvie, A. Desormeaux, N. Gagne, M. Tremblay, L. Poulin, D.
Beauchamp, M.G. Bergeron, Lymphoid tissues targeting of liposome-
encapsulated 2',3'-dideoxyinosine, Aids. 9 (1995) 701-707.

[53] P. Harvie, A. Desormeaux, M.C. Bergeron, M. Tremblay, D.
Beauchamp, L. Poulin, M.G. Bergeron, Comparative pharmacokinetics,
distributions in tissue, and interactions with blood proteins of conventional and
sterically stabilized liposomes containing 2',3'-dideoxyinosine, Antimicrob
Agents Chemother. 40 (1996) 225-229.

[54] B. Makabi-Panzu, C. Lessard, D. Beauchamp, A. Desormeaux, L.
Poulin, M. Tremblay, M.G. Bergeron, Uptake and binding of liposomal 2',3'-
dideoxycytidine by RAW 264.7 cells: a three-step process, J Acquir Immune
Defic Syndr Hum Retrovirol. 8 (1995) 227-235.

[55] B. Makabi-Panzu, P. Gourde, A. Desormeaux, M.G. Bergeron,
Intracellular and serum stability of liposomal 2',3'-dideoxycytidine. Effect of lipid
composition, Cell Mol Biol (Noisy-le-grand). 44 (1998) 277-284.

[56] L. Rossi, G. Brandi, G.F. Schiavano, L. Chiarantini, A. Albano, M.
Magnani, In vitro and in vivo toxicity of 2',3'-dideoxycytidine in mice, Chem Biol

Interact. 85 (1992) 255-263.

103



[57] J. Szebeni, S.M. Wahl, G.V. Betageri, L.M. Wahl, S. Gartner, M.
Popovic, R.J. Parker, C.D. Black, J.N. Weinstein, Inhibition of HIV-1 in
monocyte/macrophage cultures by 2',3'-dideoxycytidine-5'-triphosphate, free
and in liposomes, AIDS Res Hum Retroviruses. 6 (1990) 691-702.

[58] C. Oussoren, M. Magnani, A. Fraternale, A. Casabianca, L. Chiarantini,
R. Ingebrigsten, W.J. Underberg, G. Storm, Liposomes as carriers of the
antiretroviral agent dideoxycytidine-5'-triphosphate, Int J Pharm. 180 (1999)
261-270.

[59] M. Lalanne, et al., Synthesis and biological evaluation of two
glycerolipidic prodrugs of didanosine for direct lymphatic delivery against HIV,
Bioorg Med Chem Lett. 17 (2007) 2237-2240.

[60] V.P. Torchilin, A.L. Klibanov, L. Huang, S. O'Donnell, N.D. Nossiff, B.A.
Khaw, Targeted accumulation of polyethylene glycol-coated immunoliposomes
in infarcted rabbit myocardium, Faseb J. 6 (1992) 2716-2719.

[61] T.M. Allen, Long-circulating (sterically stabilized) liposomes for targeted
drug delivery, Trends Pharmacol Sci. 15 (1994) 215-220.

[62] G.V. Betageri, L.S. Burrell, Stability of antibody-bearing liposomes
containing dideoxyinosine triphosphate, Int J Pharm 98 (1993) 149-155.

[63] J.F. Gagne, A. Desormeaux, S. Perron, M.J. Tremblay, M.G. Bergeron,
Targeted delivery of indinavir to HIV-1 primary reservoirs with
immunoliposomes, Biochim Biophys Acta. 1558 (2002) 198-210.

[64] M. Garg, A. Asthana, H.B. Agashe, G.P. Agrawal, N.K. Jain, Stavudine-
loaded mannosylated liposomes: in-vitro anti-HIV-| activity, tissue distribution

and pharmacokinetics, J Pharm Pharmacol. 58 (2006) 605-616.

104



[65] M. Garg, T. Dutta, N.K. Jain, Reduced hepatic toxicity, enhanced cellular
uptake and altered pharmacokinetics of stavudine loaded galactosylated
liposomes, Eur J Pharm Biopharm. 67 (2007) 76-85.

[66] H.B. Wu, Y.H. Deng, S.N. Wang, X.Y. Zhou, N. Wang, L. Shi, The
distribution of azidothymidine palmitate galactosylated liposomes in mice, Yao
Xue Xue Bao. 42 (2007) 538-544.

[67] V.A. Slepushkin, I.I. Salem, S.M. Andreev, P. Dazin, N. Duzgunes,
Targeting of liposomes to HIV-1-infected cells by peptides derived from the
CD4 receptor, Biochem Biophys Res Commun. 227 (1996) 827-833.

[68] U.B. Kompella, J.V. Aukunuru, G.V. Betageri, Effect of Neutral
Liposomes on Corneal and Conjunctival Transport of Didanosine, Drug Deliv.
6 (1999) 9-14.

[69] G.V. Betageri, Liposomal encapsulation and stability of dideoxyinosine
triphosphate, Drug Dev Ind Pharm. 19 (1993) 531-539.

[70] J. Panyam, V. Labhasetwar, Biodegradable nanoparticles for drug and
gene delivery to cells and tissue, Adv Drug Deliv Rev. 55 (2003) 329-347.

[71] L. Brannon-Peppas, J.O. Blanchette, Nanoparticle and targeted
systems for cancer therapy, Adv Drug Deliv Rev. 56 (2004) 1649-1659.

[72] F. De Jaeghere, E. Allemann, F. Kubel, B. Galli, R. Cozens, E. Doelker,
R. Gurny, Oral bioavailability of a poorly water soluble HIV-1 protease inhibitor
incorporated into pH-sensitive particles: effect of the particle size and nutritional
state, J Control Release. 68 (2000) 291-298.

[73] R.A.Weiss, How does HIV cause AIDS, Sci. 260 (1993) 1273-1279.

105



[74] V. Schafer, H. von Briesen, R. Andreesen, A.M. Steffan, C. Royer, S.
Troster, J. Kreuter, H. Rubsamen-Waigmann, Phagocytosis of nanoparticles
by human immunodeficiency virus (HIV)-infected macrophages: a possibility
for antiviral drug targeting, Pharm Res. 9 (1992) 541-546.

[75] A.Bender, V. Schfer, A.M. Steffan, C. Royer, J. Kreuter, H. Rubsamen-
Waigmann, H. von Briesen, Inhibition of HIV in vitro by antiviral drug-targeting
using nanoparticles, Res Virol. 145 (1994) 215-220.

[76] A.R. Bender, H. von Briesen, J. Kreuter, |.B. Duncan, H. Rubsamen-
Waigmann, Efficiency of nanoparticles as a carrier system for antiviral agents
in human immunodeficiency virus-infected human monocytes/macrophages in
vitro, Antimicrob Agents Chemother. 40 (1996) 1467-1471.

[77] R.Lobenberg, L. Araujo, J. Kreuter, Body distribution of azidothymidine
bound to nanoparticles after oral administration, Eur J Pharm Biopharm. 44
(1997) 127-132.

[78] R. Lobenberg, L. Araujo, H. von Briesen, E. Rodgers, J. Kreuter, Body
distribution of azidothymidine bound to hexyl-cyanoacrylate nanoparticles after
i.v. injection to rats, J Control Release. 50 (1998) 21-30.

[79] S. Stolnik, L. lllum, S.S. Davis, Long circulating microparticulate drug
carriers, Adv Drug Deliv Rev. 16 (1995) 195-214.

[80] L.K. Shah, M.M. Amiji, Intracellular delivery of saquinavir in
biodegradable polymeric nanoparticles for HIV/AIDS, Pharm Res. 23 (2006)
2638-2645.

[81] R.M. Mainardes , M.P. Gremiao, I.L. Brunetti, L.M. da Fonseca, N.M.

Khalil, Zidovudine-loaded PLA and PLA-PEG blend nanoparticles: Influence of

106



polymer type on phagocytic uptake by polymorphonuclear cells, J Pharm Sci.
(2008) [Epub ahead of print, PMID: 18425813].

[82] C. Vauthier, C. Dubernet, C. Chauvierre, I. Brigger, P. Couvreur, Drug
delivery to resistant tumors: the potential of poly(alkyl cyanoacrylate)
nanoparticles, J Control Release. 93 (2003) 151-160.

[83] Y.C. Kuo, F.L. Su, Transport of stavudine, delavirdine, and saquinavir
across the blood-brain barrier by polybutylcyanoacrylate, methylmethacrylate-
sulfopropylmethacrylate, and solid lipid nanoparticles, Int J Pharm. 340 (2007)
143-152.

[84] Y.C.Kuo, Loading efficiency of stavudine on polybutylcyanoacrylate and
methylmethacrylate-sulfopropylmethacrylate copolymer nanoparticles, Int J
Pharm. 290 (2005) 161-172.

[85] T. Govender, S. Stolnik, M.C. Garnett, L. lllum, S.S. Davis, PLGA
nanoparticles prepared by nanoprecipitation: drug loading and release studies
of a water soluble drug, J Control Release. 57 (1999) 171-185.

[86] Y.C. Kuo, H.H. Chen, Effect of nanoparticulate polybutylcyanoacrylate
and methylmethacrylate-sulfopropylmethacrylate on the permeability of
zidovudine and lamivudine across the in vitro blood-brain barrier, Int J Pharm.
327 (2006) 160-169.

[87] Y.C. Kuo, C.Y. Kuo, Electromagnetic interference in the permeability of
saquinavir across the blood-brain barrier using nanoparticulate carriers, Int J
Pharm. (2007).

[88] N. Chattopadhyay, J. Zastre, H.L. Wong, X. Y. Wu,R. Bendayan, Solid

lipid nanoparticles enhance the delivery of the HIV  protease inhibitor,

107



atazanavir, by a human brain endothelial cell line, (2008) Pharm Res.[Epub
ahead of print, PMID: 18516666].

[89] H.Dou, etal., Development of macrophage-based nanoparticle platform
for antiretroviral drug delivery, Blood. 108 (2006) 2827-2837.

[90] H. Dou, et al.,, Laboratory investigations for the morphologic,
pharmacokinetic, and anti-retroviral properties of indinavir nanoparticles in
human monocyte-derived macrophages, Virology. 358 (2007) 148-158.

[91] S.K. Jain, Y. Gupta, A. Jain, A. R. Saxena. P. Khare, A. Jain.

Mannosylated gelatin nanoparticles bearing an anti-HIV drug didanosine for

site-specific delivery, Nanomedicine. 4 (2008) 41-48.

[92] A. Kaur, S. Jain, A K. Tiwary, Mannan-coated gelatine nanoparticles for
sustained and targeted delivery of didanosine: In vitro and in vivo evaluation,
Acta Pharm. 58 (2008) 61-74

[93] A. Dembri, M.J. Montisci, J.C. Gantier, H. Chacun, G. Ponchel,
Targeting of 3'-azido 3'-deoxythymidine (AZT)-loaded
poly(isohexylcyanoacrylate) nanospheres to the gastrointestinal mucosa and
associated lymphoid tissues, Pharm Res. 18 (2001) 467-473.

[94] H. Heiati, R. Tawashi, R.R. Shivers, N.C. Phillips, Solid lipid
nanoparticles as drug carriers |. Incorporation and retention of the lipophilic
prodrug 3’-azido-3’-deoxythymidine palmitate, Int J Pharm. 146 (1997) 123-
131.

[95] H. Heiati, R. Tawashi, N.C. Phillips, Solid lipid nanoparticles as drug

carriers Il. Plasma stability and biodistribution of solid lipid nanoparticles

108


javascript:AL_get(this,%20'jour',%20'Pharm%20Res.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jain%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Nanomedicine.');

containing the lipophilic prodrug 3'-azido-3'-deoxythymidine palmitate in mice,
Int J Pharm. 174 (1998) 71-80.

[96] H. Boudad, P. Legrand, M. Appel, M.H. Coconnier, G. Ponchel,
Formulation and cytotoxicity of combined cyclodextrin poly(alkylcyanoacrylate)
nanoparticles on Caco-2 cells monolayers intended for oral administration of
saquinavir, STP Pharma Sci. 11(2001) 369-375.

[97] M. Liu, J.M. Frechet, Designing dendrimers for drug delivery, Pharm Sci
Technolo Today. 2 (1999) 393-401.

[98] D.A. Tomalia, Birth of a new macromolecular architecture: Dendrimers
as quantized building blocks for nanoscale synthetic organic chemistry,
Aldrichimica Acta. 37 (2004) 39-57.

[99] T. Dutta, H.B. Agashe, M. Garg, P. Balasubramanium, M. Kabra, N.K.
Jain, Poly (propyleneimine) dendrimer based nanocontainers for targeting of
efavirenz to human monocytes/macrophages in vitro, J Drug Target. 15 (2007)
89-98.

[100] B.T. Griffin, C.M. O'Driscoll, A comparison of intestinal lymphatic
transport and systemic bioavailability of saquinavir from three lipid-based
formulations in the anaesthetised rat model, J Pharm Pharmacol. 58 (2006)
917-925.

[101] B. Van Eerdenbrugh, L. Froyen, J.A. Martens, N. Blaton, P. Augustijns,
M. Brewster, G. Van den Mooter, Characterization of physico-chemical
properties and pharmaceutical performance of sucrose co-freeze-dried solid
nanoparticulate powders of the anti-HIV agent loviride prepared by media

milling, Int J Pharm. 338 (2007) 198-206.

109



[102] L. Kinman, et al., Lipid-drug association enhanced HIV-1 protease
inhibitor indinavir localization in lymphoid tissues and viral load reduction: a
proof of concept study in HIV-2287-infected macaques, J Acquir Immune Defic
Syndr. 34 (2003) 387-397.

[103] B.R. Jasti, A. Williams, T.K. Ghosh, Transdermal and Topical Drug
Delivery Systems, in: T.K. Ghosh, B.R. Jasti (Eds.), Theory and Practice of
Contemporary Pharmaceutics, CRC Press LLC, Boca Raton, Florida, 2005, pp.
423-453.

[104] V.V. Ranade, Transdermal Drug Delivery, in: V.V. Ranade, M.A.
Hollinger (Eds.), Drug Delivery Systems, CRC Press - Lewis Publishers, Boca
Raton, Florida. 2004, pp. 207 - 248.

[105] S.T. Narishetty, R. Panchagnula, Transdermal delivery of zidovudine:
effect of terpenes and their mechanism of action, J Control Release. 95 (2004)
367-379.

[106] T.T. Kararli, C.F. Kirchhoff, S.C. Penzotti, Enhancement of transdermal
transport of azidothymidine (AZT) with novel terpene and terpene-like
enhancers: in vivo-in vitro correlations. J Control Release. 34 (1995) 43-51.
[107] S.Y. Oh, S.Y. Jeong, T.G. Park, J.H. Lee, Enhanced transdermal
delivery of AZT (Zidovudine) using iontophoresis and penetration enhancer, J
Control Release. 51 (1998) 161-168.

[108] S.Y. Jeong, J.H. Lee, S.H. Yuk, H.B. Lee, Transdermal delivery system
of anti-AIDS virus agent using a biopolymer, Polymer-Korea. 20 (1996) 347-

354.

110



[109] D. Gopinath, D. Ravi, B. R. Rao, S. S. Apte, D. Renuka, D. Rambhau,
Ascorbyl palmitate vesicles (Aspasomes): formation, characterization and
applications, Int J Pharm. 271 (2004) 95-113.

[110] J. Saunders, H. Davis, L. Coetzee, S. Botha, A. Kruger, A. Grobler, A
novel skin penetration enhancer: evaluation by membrane diffusion and
confocal microscopy, J Pharm Pharm Sci. 2 (1999) 99-107.

[111] A.F. Grobler, Emzaloid Technology. Potchefstroom: North West
University, 20 (confidential: concept document) 2004. pp 20

[112] E. Touitou, H.E. Junginger, N.D. Weiner, T. Nagai, M. Mezei, Liposomes
as carriers for topical and transdermal delivery, J Pharm Sci. 83 (1994) 1189-
1203

[113] M. Gerber, J.C. Breytenbach, J. du Plessis, Transdermal penetration of
zalcitabine, lamivudine and synthesised N-acyl lamivudine esters, Int J Pharm.
351 (2008) 186-193.

[114] S. Rossi, G. Sandri, C.M. Caramella, Buccal drug delivery: A challenge
already won? Drug Discov. Today: Technologies. 2 (2005) 59-65.

[115] C.A. Squire, B.K. Hall, The permeability of skin and oral mucosa to water
and horseradish peroxidase as related to the thickness of the permeability
barrier, J Invest Dermatol. 84 (1985) 176—-179.

[116] M. Rathbone, B. Drummond,l. Tucker, Oral cavity as a site for systemic
drug delivery, Adv. Drug Del. Rev. 13 (1994) 1-22.

[117] A.H. Shojaei, M. Khan, G. Lim, R. Khosravan, Transbuccal permeation
of a nucleoside analog, dideoxycytidine: effects of menthol as a permeation

enhancer. Int J Pharm 1999; 192(2):139-146.

111



[118] T. Kawaguchi, T. Hasegawa, K. Juni, T. Seki, Rectal absorption of
Zidovudine, Int J Pharm. 77 (1991) 71-74.

[119] U. Wintergerst, B. Rolinski, J.R. Bogner, G. Notheis, F.D. Goebel, A.A.
Roscher, B.H. Belohradsky, Pharmacokinetics of zidovudine after rectal
administration in human immunodeficiency virus-infected patients, Antimicrob
Agents Chemother. 41 (1997) 1143-1145.

[120] T. Seki, T. Kawaguchi, K. Juni, K. Sugibayashi, Y. Morimoto, Sustained
transdermal delivery of zidovudine via controlled release of penetration
enhancer, J Control Release. 17 (1991) 41-47.

[121] E. Mukheriji, N.J. Millenbaugh, J.L.S. Au, Percutaneous-absorption of
2',3'-dideoxyinosine in rats, Pharm Res. 11 (1994) 809-815.

[122] D.D. Kim, Y.W. Chien, Transdermal delivery of dideoxynucleoside-type
anti-HIV drugs. 1. Stability studies for hairless rat skin permeation, J Pharm
Sci. 84 (1995) 1061-1066.

[123] D.D. Kim, Y.W. Chien, Transdermal delivery of zalcitabine: in vitro skin
permeation study, Aids. 9 (1995) 1331-1336.

[124] D.D. Kim, Y.W. Chien, Transdermal delivery of dideoxynucleoside-type
anti-HIV drugs. 2. The effect of vehicle and enhancer on skin permeation, J
Pharm Sci. 85 (1996) 214-219.

[125] D.D. Kim, Y.W. Chien, Simultaneous skin permeation of
dideoxynucleoside-type anti-HIV drugs, J Control Release. 40 (1996) 67-76.
[126] D.D. Kim, Y.W. Chien. Comparison of skin permeation of
dideoxynucleoside-type anti-HIV drugs: Alone virus combination, Drug Dev Ind

Pharm. 22 (1996) 1047-1054.

112



[127] D.D. Kim, J.L. Kim, Y.W. Chien, Mutual hairless rat skin permeation-
enhancing effect of ethanol/water system and oleic acid, J Pharm Sci. 85
(1996) 1191-1195.

[128] N.S. Thomas, R. Panchagnula, Combination strategies to enhance
transdermal permeation of zidovudine (AZT), Pharmazie. 58 (2003) 895-898.
[129] N. Suwanpidokkul, P. Thongnopnua, K. Umprayn, Transdermal delivery
of zidovudine (AZT): the effects of vehicles, enhancers, and polymer
membranes on permeation across cadaver pig skin, AAPS PharmSciTech. 5
(2004) e48.

[130] S.T. Narishetty, R. Panchagnula, Effect of L-menthol and 1,8-cineole on
phase behavior and molecular organization of SC lipids and skin permeation

of zidovudine, J Control Release. 102 (2005) 59-70.

113



CHAPTER THREE...........c i e e
PUBLISHED PAPER........o e rn e e r e n e e aes 115
3. 11INtrodUCtioON ... 115
3.2Published Paper........cooiiii 117

114



CHAPTER THREE

PUBLISHED PAPER

3.1 INTRODUCTION
The following paper was published in an international peer reviewed ISI journal

and reports the original research on data generated during this study.

E. Ojewole, |. Mackraj, K. Akhundov, J. Hamman, A. Viljoen, E. Olivier, J.
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buccal permeability of didanosine. Planta Medica 2012; 78(4): 354-361.

E. Ojewole contributed to the design of the project, was responsible for the
excision and preparation of the buccal mucosae for the permeation and
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ABSTRACT

The buccal mucosal route offers several advantages but the delivery of certain
drugs can be limited by low membrane permeability. This study investigated
the buccal permeability properties of didanosine (ddl) and assessed the
potential of Aloe vera gel (AVgel) as a novel buccal permeation enhancer.
Permeation studies were performed using Franz diffusion cells and drug was
quantified by UV spectroscopy. Histomorphological evaluations were
undertaken using light and transmission electron microscopy. The permeability
of ddl was concentration-dependent and it did not have any adverse effects on
the buccal mucosae. A linear relationship (R? = 0.9557) between the
concentrations and flux indicated passive diffusion as the mechanism of drug
transport. AVgel at concentrations of 0.25 to 2 %w/v enhanced ddl permeability
with enhancement ratios from 5.09 (0.25 %w/v) to 11.78 (2 %w/v), but
decreased permeability at 4 and 6 %w/v. Ultrastructural analysis of the buccal
mucosae treated with PBS, ddI/PBS and ddI/PBS/AVgel 0.5 %w/v showed
cells with normal plasmalemma, well-developed cristae and nuclei with regular
nuclear envelopes. However cells from 1, 2 and 6 %w/v AVgel-treated
mucosae showed irregular nuclear outlines, increased intercellular spacing and
plasmalemma crenulations. This study demonstrates the potential of AVgel as
a buccal permeation enhancer for ddl to improve anti-HIV and AIDS therapy.
KEYWORDS:

Buccal, Didanosine, Permeation enhancer, Histomorphology, Aloe vera (L.)

Burn. F., Aloe barbadensis Miller, Asphodelaceae
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Introduction

Antiretroviral (ARV) drugs have revolutionized the treatment of HIV (Human
Immunodeficiency Virus) infection and AIDS (Acquired Immune Deficiency
Syndrome) [1], widely acknowledged as being among the most serious public
health problems [2]. However, several limitations exist with current ARV drug
therapy via the oral route [3, 4]. These drugs suffer from low bioavailability due
to extensive first pass effects and gastrointestinal degradation. Also, short half-
lives necessitate frequent administration of doses and severe dose dependent

side-effects may occur.

Buccal drug delivery, which is administration of drug from a delivery system
(e.g. films, patches and gels) through the mucosae lining the cheeks of the
mouth, has received increased interest as an alternative to the oral route.
Drugs administered via the buccal route can bypass enzymatic degradation
and hepatic first pass metabolism thereby improving bioavailability [5,6]. It has
a high patient acceptability compared to other non-oral routes [7]. Buccal
delivery systems offer an attractive approach for pediatrics and for patients with
swallowing problems. Buccal delivery of ARV drugs can therefore contribute
to overcoming some of their current disadvantages. While the potential of ARV
drugs for administration via another non-oral route namely the transdermal
route, has been explored [8, 9]; their buccal delivery potential remains to be

investigated.
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The epithelium lining the oral cavity is a barrier to drug permeation. The use of
permeation enhancers in many cases is essential for efficient buccal drug
delivery [10, 11]. The discovery of new permeation enhancers is essential for
optimizing drug delivery via the buccal route. Currently, there is an increasing
interest for drug products that either are of natural origin or contain such
components [12]. Aloe vera (Aloe barbadensis Miller) is a succulent plant with
strap-shaped green leaves [12]. For medicinal applications, the aloe latex (or
exudate), the aloe gel and the whole leaf (or whole leaf extract) are the main
parts used [13]. The inner pulp of the fresh leaves is used for gel extrusion [14].
The gel is composed mainly of water (>99%) and the remaining 0.5-1% of solid
material comprises several polysaccharides, vitamins, enzymes, lipids and
inorganic and small organic compounds [15]. It is recognized as an important
medicinal plant that has effective anti-inflammatory, antifungal, soothing effect
on the mucosal lining and wound healing properties (16). While it has recently
been shown to be an effective transdermal [17] and intestinal [13] penetration
enhancer for various drugs, its applicability for buccal permeation
enhancement has not been investigated before. In these in vitro permeation
studies by Chen et al 2009, it was reported that the polysaccharides from Aloe
vera gel is capable of reducing the TEER of excised rat intestinal tissue, thus
enhancing the transport of atenolol across this tissue to a significant extent.
Moreover, Aloe vera gel materials could significantly decrease the TEER of
Caco-2 cell monolayers and this reduction in TEER was associated with the

opening of tight junctions between adjacent epithelial cells and this effect was
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completely reversible after removal of the Aloe vera leaf materials from the cell
monolayers. (Chen et al 2009).

Cole and Heard (2007) also stated that the skin penetration enhancement
effect of AVgel was due to a probable pull effect of complexes formed between
the compound and the enhancing agent within the aloe gel, however, the
proposed mechanism of action has to be further investigated and confirmed as
stated by the authors. Those studies with AVgel as an enhancer for the
intestinal and transdermal routes did not report its histomorphological effects
[13, 17], which is important for assessing its preliminary suitability. Recently, it
has been shown to have the potential to modify drug release profiles in dosage
forms [18]. It appears that Aloe vera gel, with polysaccharides as a significant
component, has the potential unlike several existing penetration enhancers, to
also provide multifunctional properties in buccal drug delivery systems. These
multifunctional properties include mucoadhesion, absorption-enhancing,
sustaining drug release and modified drug release properties. A buccal
controlled release product based on Aloe vera gel (AVgel) will therefore be an

attractive system for the administration of ARV drugs.

The aim of this study was therefore to identify the buccal permeability potential
of a model ARV drug i.e. didanosine (ddl) in the absence and presence of a
potential novel buccal permeation enhancer, namely AVgel. In addition the
study also aimed at evaluating the histomorphological effects of ddl and AVgel

on the buccal mucosa.
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Materials and Methods

Ethical Clearance
Ethical approval was obtained from University of KwaZulu-Natal Animal Ethics
Committee in 2008 (001/08/Animal) and renewed annually in 2009

(028/09/Animal), 2010 (029/10/Animal) and 2011 (25/11/Animal).

Materials

Didanosine (ddl) (Chromatographic purity (HPLC) = 99.4 %) was donated by
Aspen Pharmacare (South Africa). AVgel, in dry powder form, was received
from the International Aloe Science Council (IASC, 051309, Texas, USA) and
was the same sample used in our previously reported study in Planta Medica
[15]. The 'H-NMR spectrum of the AVgel and the quantities of chemical
markers as determined by NMR spectroscopy are available as supporting
information (Figure 1S and Table 1S) and are discussed under the Results
section. Disodium hydrogen phosphate, potassium dihydrogen phosphate and
sodium chloride were purchased from Sigma-Aldrich (Germany). All other

reagents used were of analytical grade.
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123



Table 1S: Chemical composition of AVgel as determined by 'H-NMR [15]

AVgel
Chemical Content (%) Content
(mg/L)
Aloverose 12.7 892.1
Glucose 16.7 1171.2
Malic acid 20.0 1403.4
Lactic acid 5.1 359.2
Citric acid not detected
WLM detected
Maltodextrin not detected

Acetic acid not detected
Succinic acid trace

Fumaric acid not detected
Formic acid not detected

Sodium benzoate not detected

Potassium sorbate not detected

Methods

Preparation of Porcine Buccal Mucosae

Buccal mucosae harvested from pigs (30—40 kg) (Biomedical Resource Unit,
UKZN) and sacrificed by LECO euthanasia were appropriately excised. The
thickness of the buccal mucosa was 6651£72 ym (CV=8.3%). Fresh buccal
mucosae were used for histological evaluations. For buccal permeability
studies, the buccal mucosae were snap frozen in liquid nitrogen, stored in a

biofreezer (-85 °C) and used within three months [12].
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In Vitro Permeation

Frozen buccal mucosae were allowed to thaw and equilibrated in phosphate
buffer saline pH 7.4 (PBS). Franz diffusion cells (PermeGear, Inc., Bethlehem,
USA) with a diffusional area of 0.786 cm? were used for permeation
experiments. The buccal mucosa was mounted to the diffusional area between
the donor and receptor cells and was equilibrated with PBS at 37 °C. The donor
compartment contained either varying concentrations of ddl in PBS alone (5,
10, 15 and 20 mg mL-") or ddl (20 mg mL™") in the presence of AVgel (0.25,
0.5, 1.0, 2.0, 4.0 and 6.0 %w/v). The receptor compartments were filled with
PBS. Samples were removed from the receptor compartments at
predetermined time intervals and replaced with the same volume of ddl—free
PBS. Each experiment was undertaken using a minimum of three replicates.
Similar to permeation studies with other drugs [19, 20], ddI was quantified by a
validated UV Spectrophotometry method at a Amax of 250 nm (UV

Spectrophotometer 1650, Shimadzu, Japan).

Permeability Data Analysis

The cumulative amount of ddl permeated per unit surface area was plotted
against time. The steady state flux (Jss) was determined from the linear part of
the permeability curve by linear regression analysis (Microsoft Excel 2007,

USA). The permeability coefficient (P) was calculated as follows [21]:
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P = (dQ/dt)/AxCd = Jss/Cd (1)

Where dQ/dt is the cumulative amount permeated per unit time, A is the
diffusion area and Cuq is the drug concentration in the donor compartment. The
permeability of ddI was evaluated in the presence of various concentrations of

AVgel. The enhancement ratio (ER) was calculated as follows [21]:

ER = Permeability coefficient of drug in the presence of enhancer

B Permeability coefficient of drug in the absence of enhancer (2)

Viscosity Determination

The viscosities of ddl (20 mg mL™") only and ddl (20 mg mL-") in the presence
of AVgel (0.25, 0.50, 1.0, 2.0, 4.0 and 6.0 %w/v) were determined with a
Modular Advanced Rheometer (ThermoHaake MARS, Thermo Fischer
Scientific, Germany), equipped with a titanium cone (C35 / 1° Ti) set at a
sample gap of 0.051 mm and a Thermocontroller (UTC-MARS II). The
relationships between the viscosity and shear stress as a function of shear rate

were analyzed using HaakeRheoWin, 3.50.0012 software.
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Light Microscopy and Transmission Electron Microscopy

Fresh buccal mucosa was cutinto 1 x 1 x 0.1 cm cross sections. Mucosae were
incubated in bottles containing either PBS only, or ddI/PBS (20 mg mL"") or
ddI/PBS (20 mg mL™") / AVgel in varying concentrations. The bottles were kept
in a water bath at 37 °C over six hours. Untreated buccal mucosa was
transferred from normal saline into 10% buffered formalin without incubation in
PBS and served as the control. Both the control and treated buccal mucosae
were fixed in formalin for seven days. Buccal mucosa was dehydrated using
an ethanol gradient and embedded in paraffin wax. The sections were collected
on slides, dried and stained with Hematoxylin and Eosin (H&E). Semi-thin
sections (1 um) of the epoxy-embedded samples were also obtained and
stained with Toluidine Blue. Sections were examined using a light microscope
(Nikon 80i, Japan) and bright field images were captured using NIS Elements

D software and a camera (Nikon U2, Japan).

Samples for transmission electron microscopy (TEM) were incubated as
described above. Samples were cut into pieces not exceeding 0.5 mm?3, and
fixed for 24 hours (4°C) using Karnovsky’s fixative [22] buffered to pH 7.2.
Samples were processed and embedded in epoxy resin using standard
protocols. Ultrathin sections (90 nm) were cut and contrasted with uranyl
acetate and lead citrate and viewed with a transmission electron microscope

(JEOL 1010, Japan).
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All experiments were performed using a minimum of three replicates.

Statistical Analysis

The results, expressed as Mean * standard deviation (SD), were analyzed
using One-way ANOVA followed by Mann Whitney test using GraphPad
Prism® (Graph Pad Software Inc., Version 3). Differences were considered

significant at p < 0.05.

Results and Discussion

The permeability potential of ddl in the absence of an enhancer was initially
investigated. Fig. 1 shows the cumulative amount of ddl permeated at different
donor concentrations. The flux values increased with an increase in ddl
concentration and ranged from 25.94+1.35 ug cm2 hr' to 71.57+3.12 yg cm?
hr' (Table 1). There was a significant difference (p=0.007) between all
concentrations except between the flux values of 15 mg mL-'and 20 mg mL-"

ddl, which were not significant (p=0.302).
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Fig. 1: Cumulative amount of ddl permeated per unit surface area vs. time

profiles observed for ddl donor concentrations (Mean values * SD; N 2 3).

The faster and non-linear drug release observed at earlier times as compared
to slower and linear drug release thereafter may be due to lack of equilibration
between the mucosal absorption site and the permeating drug molecules.
Once an equilibrium exists between the drug molecules and the mucosa, the
non-linearity disappears due to reservoir of permeating molecules created from
the partitioning of the drug into the deeper mucosal layers, which slows the
diffusion rate, hence the slower kinetics observed in this study (Niccolazzo et
al 2003; Mashru et al 2005; Birudaraj et al 2005).

A linear relationship (R?=0.9557) between the flux and ddl concentrations was

obtained (Fig. 2), indicating passive diffusion as the main mechanism of ddl
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transport across the buccal mucosa [23, 24]. Didanosine is hydrophilic and its

passive diffusion should favour the paracellular pathway [25, 26].

Table 1: Effect of ddI donor concentration on its permeability parameters

Donor Cumulative | Linear | Correlation | Flux | Permeability
Concentration | Amount of | Equation | coefficient | (Jss) | coefficient
of ddl ddl (R?) (Mg (P) x102
(mg mL™) permeated | (y =mx cm- (cm hr )
(Mg cm 2) +C) 2hr-1)
5 158.15 + Q= 0.97 2594 | 0.52+0.03
13.17 25.94¢ + +
15.65 1.35
10 321.08 + Q= 0.99 4985 | 0.49+0.09
52.82 49.85; + +
22.23 8.99
15 397.03 + Q= 0.92 57.35| 0.38+0.04
46.01 57.35t + +
85.14 5.88
20 456.89 + Q= 0.89 7157 | 0.36 +0.02
57.11 71.57 + +
128.70 3.12

Xiang et al [3] highlighted the promising potential of zalcitabine (ddC), the only
other ARV reported to date for buccal delivery. They reported a flux of
13.42+6.35 ug cm2 hr'for ddC at 20 mg mL-" which is lower than the flux of
ddl (71.57+3.12 ug cm=2 hr'). Several drugs with similar and lower flux values
have been reported as having the potential for improving drug therapy via the
buccal route [23, 24, 27]. ddI may therefore be regarded as having the potential
for improving HIV and AIDS drug therapy when administered by the buccal

route.
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Fig. 2: Effect of donor concentration on the steady state flux of ddl at pH

7.4 (Mean values * SD; N 2 3)

The AVgel employed in this study to investigate its effect on ddl permeation
was the same as used by Chen et al. [13] to study its effects on intestinal drug
permeability. The '"H-NMR spectrum of the AVgel is shown in Fig. 1S and the
quantities of chemical markers as determined by NMR spectroscopy in Table
1S. The results indicate that the AVgel material contained all the essential

markers especially aloverose.

The buccal permeability of ddl in the presence of AVgel (Fig. 3) was
investigated. The flux of ddl in the absence of AVgel was 71.57+3.12 ug cm?

hr'. It increased significantly (p<0.007) with an increase in AVgel concentration
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up to 2 %wl/v (Table 2), which demonstrated the highest permeability coefficient
of 3.3 x 102 cm hr' and an enhancement ratio (ER) of 11.78, thereby
confirming for the first time the buccal permeation enhancement property of

AVgel.
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Fig. 3 Cumulative amount of ddl permeated per unit surface area vs. time

profiles observed for AVgel concentrations (Mean values * SD; N 2 3).

The permeation enhancing potential of AVgel from 0.25 to 2.0 %w/v may be
similar to proposed mechanisms for other polysaccharides reported as
permeation enhancers [28]. Polysaccharides such as chitosan are known to
demonstrate mucoadhesivity, which causes prolonged drug retention on

mucosae. It has been proposed that chitosan enhances buccal permeability by
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interactions with the epithelial barrier that may weaken it, partially dismantling
the extracellular matrix structure and intercellular joint. Since the major
component of AVgel is polysaccharides [18], a similar mechanism may apply.
Furthermore, AVgel is cationic and its possible ionic interaction with sialic acid

residues on the buccal mucosae could alter membrane permeability [25, 28].

Table 2: Effect of AVgel concentration on the permeability parameters of

ddl
Concentration Correlation * Flux Permeability Enhanceme
of AVgel Coefficient (Jss) Coefficient (P) | nt
(%owl/v) (R?) (Mg cm?hr') | x 102 (cm hr') | Ratio (ER)
0.0 0.89 71.57 £ 0.36 £ 0.02 1
3.122
0.25 0.99 364.69 + 1.82 £ 0.46 5.09
92.59°
0.5 0.89 613.69 3.07 £ 1.46 8.58
292.49b
1.0 0.85 650.07 3.25+0.82 9.08
164.41°
2.0 0.88 842.73 4.21 £ 0.65 11.78
129.24P
4.0 0.95 83.95 ¢ 0.42 £ 0.06 1.17
11.71¢
6.0 0.99 62.02 £ 0.31+£0.03 0.87
5.41¢

*[(avs b; p <0.05), (a vs ¢; p>0.05)]; *flux of the control; Pstatistically significant
higher than control (ANOVA); statistically non-suignificant compared to control

Further increases in AVgel to 4.0 and 6.0 %w/v led to a decrease in flux to
83.95+9.24 and 62.06+5.58 ug cm? hr' respectively. Although there is a 10
fold reduction in the flux between 2 and 4 %w/v AVgel, the flux at 4 and 6 %w/v

is reduced to a value which is statistically similar to the flux in the absence of
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AVgel (Table 3). The decrease may be attributed to a higher viscosity of AVgel
at higher concentrations that can increase resistance to drug diffusion and
hinder drug movement [18, 29]. Increasing the concentration of AVgel in the
ddl/PBS/AVgel formulations led to an increased viscosity of the formulations
(Fig. 4) and displayed a linear correlation (R?=0.972). The viscosity of AVgel at
6.0 %wl/v (2.84 mPa) was almost three times (up to 240%) higher than that at
0.25 %w/v (0.94 mPa) (Table 3). The viscosities of AVgel at 4.0 and 6.0 %w/v
may have been high enough to impede the buccal permeability enhancing
potential of AVgel. Similar trends, with an initial increase in flux with increase
in enhancer concentrations (propylene glycol) but resultant flux decreases with
further increases have been reported in another study [30], although possible

reasons were not investigated.

Table 3: Effect of AVgel concentration on the viscosity of

ddl/PBS/AVgel formulations

Concentration of AVgel Viscosity li:ne:::anst:?r?
(Yo wiv) (n) (mPa) viscosity (%)
0 0.84 +0.00 0
0.25 0.94 +0.05 12.19
0.5 1.05 +£0.01 25.14
1 1.22 +0.04 45.51
2 1.86 £0.52 121.89
4 2.21 10.14 163.38
6 2.84 +0.11 238.72




The ER of ddl increased approximately 12-fold with AVgel 2.0 %wl/v, but
decreased to 0.87-fold with AVgel 6.0 %w/v (Table 2). The ER values in this
study are within the range of previous studies using AVgel at similar
concentrations for other routes. The ER for colchicine through porcine skin was
11.2 (AVgel 3.0 %wl/v) [17] while that of insulin through the intestinal epithelial
monolayer was 2.31 (2.5 %w/v AVgel) [13]. A higher ER at a slightly lower
concentration of 2 %w/v is reported for the buccal mucosa in this study. One
explanation is that the buccal mucosa is more permeable than skin. Also,
insulin in the previous study is a larger molecule, and may not permeate to a
similar extent as ddl. The ER of other buccal enhancers were found
comparable to those observed with AVgel in this study. Other chemical
enhancers such as sodium glycodeoxycholate (ER=32), menthol (ER=2.02)

and sodium glycolate (ER=9) have been reported as effective enhancers for

buccal delivery [3, 21].
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Fig. 4: Effect of AVgel concentration on the viscosity of ddI/PBS/AVgel
formulations (Mean values + SD; N = 3).
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While permeation enhancing effects of substances are extensively reported,
their effects on buccal mucosa morphology are limited [3, 31]. Since buccal
delivery involves retention of a delivery system on the mucosae, an
assessment of histological effects of a drug and or enhancer/s to evaluate their
suitability is essential.

Histomorphological effects of the control/untreated and the treated porcine
buccal mucosae (PBS alone and ddI/PBS in the absence and presence of
AVgel) were assessed. The morphology of pig buccal mucosa has been
described previously and it closely resembles human buccal epithelium [32,
33]. In the control group the buccal epithelium resembled that of a normal non-
keratinized stratified squamous layer (Fig. 5a). Basal cells appeared oval and
darkly stained in H&E (Fig. 5b) and toluidine blue (Fig. 5c) sections, reflecting
their greater mitotic activity. The middle region showed large polygonal cells
and superficial cells showed desquamation (Fig. 5d). Basal cells were
nucleated while some of the superficial cells were anucleate. The basal cell
layer represents the germinal tissue from which new cells are produced and
should form the focus of such studies. Damage to superficial layers can be
rectified by renewed growth from the germinal layer, but chronic or severe
damage to the basal cell layer is probably irreversible [34]. The appearance of
the control, PBS and ddI/PBS samples in H&E (Figs 5a-b) and toluidine blue
(Figs 5c-e) respectively, were similar suggesting no influence of PBS or ddI
(either alone or in combination) on tissue morphology. Therefore, ddl at the

highest concentration had no adverse effects on the buccal mucosae.
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The buccal mucosa upon treatment with ddI/PBS in combination with AVgel
was examined. The addition of 0.5 %w/v AVgel led to an increase in
intercellular spaces and darker staining of the cytoplasm, resembling the
structure of control samples (Fig. 5f). However, increased AVgel concentration
to 1%w/v showed a marked increase in intercellular spaces and distortion of
cellular outlines (Fig. 5g). Cells appeared irregular and crenulated compared
to controls. This was accentuated in 6 %w/v AVgel samples where extreme
compaction of cells in the basal region was observed (Fig. 5h). Although not
shown, cells from the middle and superficial layers also appeared severely
damaged. Furthermore, the epithelial surface and basal lamina of the mucosa
in the H&E sections of the control, PBS alone, ddI/PBS and ddI/PBS/AVgel 0.5
%wl/v still appeared intact after six hours, but extensive disordering of this cell
layer was observed in toluidine blue sections of the ddI/PBS/AVgel 6 %w/v.
This disorder increased towards the epithelial surface, and may be due to the

higher concentration effect of AVgel on the buccal mucosa.
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Fig. 5: Microphotographs of the control and treated buccal mucosal
sections for Light Micrsoscopy (LM); stained with H&E: (a) control /
untreated, (b)ddIl/PBS, and with toluidine blue: (c) control/untreated, (d)
PBS, (e) ddI/PBS, (f) ddI/PBS/AVgel 0.5 %wl/v, (g) ddi/PBS/AVgel 1.0 %w/v,
(h) ddi/PBS/AVgel 6.0 %w/v

The ultrastructure of buccal mucosae was evaluated. The control buccal
mucosae showed short profiles of endoplasmic reticulum, an abundance of

ribosomes and regular nuclei with evenly-dispersed chromatin (Fig. 6a).
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Mitochondria appeared dense with well-developed cristae suggesting normal
cellular activity (Fig. 6b). Intercellular spaces were small and clearly defined
desmosomes between attachment plaques in neighbouring cells were
observed (Fig. 6¢). PBS and ddIl/PBS treated mucosae showed a similar
ultrastructure to the saline control, confirming trends observed at light
microscope level. Cells from 0.5 %w/v AVgel samples also showed signs of
active cellular metabolism and regular nuclear outlines (Fig. 6d). While electron
translucent clearings within the mitochondria were occasionally observed,
cellular damage was not evident (Fig. 6e). However, increasing AVgel
concentration to 1 %wl/v led to cellular damage evident by irregular nuclear
outlines, peripheral distribution of visibly-compacted chromatin, electron-lucent
mitochondria containing little internal detail and distended endoplasmic
reticulum profiles (Fig. 6f). Increased intercellular spacing and crenulation of
the plasmalemma also became evident (Fig. 6g). Further increases in AVgel
concentrations to 2 and 6 %w/v led to disruption of basal cell layers, severe

cellular compaction and larger intercellular spaces (Figs. 6h and 6i).
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Fig. 6: Microphotographs of the control and treated ultra-thin buccal
mucosa sections for transmission electron microscopy (TEM): (a) control /
untreated, (b) PBS, (c) ddI/PBS, (d-e) ddI/PBS/AVgel 0.5 %wl/v (f-g)
ddi/PBS/AVgel 1.0 %w/v (h) ddI/PBS/AVgel 2.0 %wlv, (i) ddi/PBS/AVgel 6.0

%wlv
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Histomorphological evaluations showed that AVgel caused adverse effects on
the mucosa at higher concentrations of 1, 2 and 6 %wl/v. Since the buccal
mucosa was not adversely affected at lower concentration of 0.5 %w/v, AVgel
may therefore be considered as a safe permeation enhancer up to this
concentration. At 0.5 %w/v, AVgel showed an ER of 5.09 which is still higher

than several other reported enhancers [3, 23, 27].

The study has shown that ddl can permeate the buccal mucosa without
adversely affecting its morphology. AVgel at concentrations up to 2 %w/v was
identified as an effective buccal permeation enhancer for ddl. Based on the
findings; it is proposed that AVgel be used in concentrations at or lower than
0.5 %w/v due to adverse mucosal effects at higher concentrations.
Histomorphological evaluations therefore proved useful in correlating the
permeation enhancing properties of AVgel with its effects on the buccal
mucosa. The results confirm the potential of developing a buccal drug delivery

system containing ddl and AVgel as an enhancer for improving drug therapy.
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Viljoen?, Eugene Olivier*, James Wesley-Smith® and Thirumala Govender’

Table 1S: Chemical composition of AVgel as determined by '"H-NMR [15]

AVgel
Chemical Content (%) Content (mg/L)
Aloverose 12.7 892.1
Glucose 16.7 1171.2
Malic acid 20.0 1403.4
Lactic acid 5.1 359.2
Citric acid not detected
WLM detected
Maltodextrin not detected
Acetic acid not detected
Succinic acid trace
Fumaric acid not detected
Formic acid not detected
Sodium benzoate not detected
Potassium sorbate not detected
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Fig. 1S: 'H-NMR spectrum of AVgel labeled with the main chemical

constituents and markers [15].

148



CHAPTER FOUR.....ciii s e e 149

PUBLISHED PAPER. ..ottt i v i v s rnassnn s e s snnnsnn s ennnennns 150
4.1 INtrodUCHION ... 150
4.2 Published Paper...... ..o 152

149



CHAPTER FOUR

PUBLISHED PAPER

4.1. INTRODUCTION

This paper was published in an international peer reviewed ISI journal and

reports the original published research on data generated in this study.

E. Ojewole, R. Kalhapure, K. Akamanchi, T. Govender Novel Oleic acid
derivatives enhance buccal permeation of didanosine. Drug Development

and Industrial Pharmacy 2014; 40(5): 657-668.

E. Ojewole contributed to the design of the project, and was responsible for
the excision and preparation of the buccal mucosae for the permeation and
histomorphological studies. She performed all in vitro permeation
experiments and was responsible for the interpretation of the permeability
data. She undertook the histological studies and prepared samples for light
microscopy (LM) and transmission electron microscopy (TEM) evaluations.
She interpreted both the photo-micrographs and eletro-micrographs of the
buccal mucosae. Furthermore, she was responsible for the writing of the
manuscript, from the first and up until the final draft. R. Kalhapure served

as a postdoctoral mentor and was responsible for the synthesis and
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characterization of the novel OA derivatives. K. Akamanchi served as an

international collaborator and T. Govender served as the supervisor.

This chapter is presented in the required format by the journal and is in the

final revised and accepted version, published in Drug Development and

Industrial Pharmacy.
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ABSTRACT

The aim of this study was to explore the potential of novel oleic acid (OA)
derivatives as buccal permeation enhancers for the delivery of didanosine (ddl).
The OA derivatives, i.e. ester derivative (OA1E), the dicarboxylic acid derivative
(OA1A) and the bicephalous dianionic surfactant (OA1ANa) were synthesised
and their permeation effects were compared to the parent OA. OA, OA1E, OA1A
and OA1ANa at 1 %w/w all showed potential for enhancing the buccal
permeability of ddl with enhancement ratio (ER) of 1.29, 1.33, 1.01 and 1.72
respectively. OA1ANa at 1 %w/w, demonstrated the highest flux (80.30 £ 10.37
ug cm-2.hr), permeability coefficient (4.01 £ 0.57 x 10 3cm hr') and enhancement
ratio (1.72). The highest flux for ddl (144.00 + 53.54 ug cm “2.hr) was reported
with OA1ANa 2 %w/w, which displayed an ER of 3.09 more than that with ddl
alone. At equivalent concentrations, OA1ANa (ER=3.09) had a significantly
higher permeation enhancing effect than its parent OA (ER=1.54).
Histomorphological studies confirmed that OA1ANa at all concentrations except
6.0 %w/w had no adverse effects on the mucosae. Morphological changes such
as vacuoles formation and increased intercellular spaces were attributed to the
buccal permeation enhancing effect of OA1ANa. This study demonstrated the
potential of novel OA derivatives as buccal permeation enhancers. OA1ANa at 2
%w/w was also identified as the optimal novel OA derivative to widen the pool of
fatty acid derivatives as chemical permeation enhancers for buccal drug delivery.
Keywords: Buccal, Didanosine, Oleic acid derivatives, Permeation enhancers,

Antiretroviral.
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1. Introduction

The buccal mucosa remains an attractive alternate and non-invasive site for
the delivery of both locally and systemically active drugs '2. It avoids the
degradation of drugs by both the Gl acids and enzymes and also bypasses
hepatic first pass metabolism, thereby improving the systemic bioavailability of
various drugs3®. Furthermore, absorption following administration via the
buccal route is not influenced by potential variations in the gastric emptying
rate or the presence of food®. The permeability of the buccal mucosa is also
higher than that of skin 7. Hence, a lower loading dose in a transbuccal device
could provide the same therapeutic effect as a transdermal patch. The buccal
mucosa also has a larger area for drug application and has good accessibility
compared to other mucosae such as the nasal, rectal and vaginal mucosae’.
Various classes of drugs including zalcitabine (ddC) (antiretroviral)®?,
piroxicam (non-steroidal anti-inflammatory)'®, morphine (opiate)'', omeprazole
(proton-pump inhibitor)'?, insulin (anti-diabetic hormone and blood gloucose
lowering agent)'® and metoprolol (beta blocker)'*, have been studied for
delivery via the buccal mucosa to exploit its above advantages. The buccal

route therefore has wide applicability for diverse drugs and disease conditions.

One of the main challenges with buccal mucosal therapy is its limited mucosal

permeability due to the epithelial lining of the membrane which acts as a barrier

to drug permeation 'S. The outermost layer of the stratified squamous
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epithelium is keratinized, covered by a thin layer of mucus and is comparatively
thicker than the rest of the oral mucosal lining. The basement membrane lies
directly underneath the epithelium, followed by the lamina propria and the
submucosa. The mucosa is made up of about 40-50 cell layers and a thickness
of 500-800 um has been reported®'”. The mucosal structure thus contributes
to the challenges and factors that are responsible for the limited buccal
permeability of drugs. Enhancing permeation of drugs across the buccal
mucosa is therefore critical for optimising bioavailability of various drugs °.
Maximising the bioavailability of several drugs after buccal administration for
absorption through the mucosal lining will be beneficial to reducing intra and
inter subject variability as well as side effects of the drugs '+'8. Moreover, the
cost of manufacture will be reduced by decreasing drug wastage owing to its
low systemic bioavailability °, especially where drugs have limited permeability
and subsequently low bioavailability. Hence, the use of permeation enhancing
strategies in many cases is essential to overcome the limited permeability of
the buccal mucosae for improved buccal drug delivery?®2!.  Recent
advancements in the use of permeation enhancing strategies have identified
various approaches, including physical and chemical methods, to enhance the
buccal permeability of drugs. It has been reported that chemical permeation
enhancers (CPEs), for example bile salts, surfactants and fatty acids (FAs),
have proved promising for enhancing buccal permeability of drugs?223. Other
approaches include drug particle size reduction?*, ultrasound and electrical
assisted approaches (iontophoresis and electroporation) as well as thermal

enhancement?>-?7. More specifically, recent reports are emerging on the use of
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derivatives of common chemical enhancers for further maximising mucosal
drug permeation. For example, newly synthesised propanoyloxy derivatives of
5b-cholan-24-oic acid were more effective in enhancing permeation of
theophylline as compared to its parent compound, cholic acid, thereby
potentiating the efficacy of bile acids as a class of chemical permeation
enhancers 2829, There is therefore a need to explore and identify new
derivatives of chemical enhancers to widen the pool of available superior

enhancers for buccal drug delivery.

Fatty Acids (FAs) are widely used chemical permeation enhancers for various
drugs '7. Sodium caprate, caprylic acid, sucrose esters and lauric acid have
been reported for enhancing the permeation of drugs such as lidocaine,
ergotamine, insulin and sumatriptan across the buccal mucosa 2330-33_ |t has
been reported that FAs can disrupt the lipid bilayer of the mucosal lining
thereby increasing drug transport and bioavailability. Oleic acid (OA) in
particular has been reported as an effective chemical permeation enhancer for
drugs such as levothyroxine sodium via the intestinal route 34, caffeine and
diclofenac sodium (DS) via the transdermal route 3% and 5-fluorouracil via the
buccal route '. Novel derivatives of OA will therefore be useful for further
improving their permeation enhancing potential and will contribute to the pool

of permeation enhancers for enhancing drug permeability.
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In a previous study by our group, the synthesis of novel OA derivatives, known
as oleodendrimers A1E, A2E, E1E and E2E were reported. Additionally, the
potential of these derivatives as transdermal permeation enhancers for the
delivery of a non-steroidal anti-inflammatory drug, diclofenac sodium were
identified %6. These derivatives, A1E, A2E, E1E and E2E are G1 and G2 Janus
type dendrimers in which the dendron moiety is linked with OA through ester
and amide bonds. Oleodendrimers A1E and A2E have an amide linkage
whereas E1E and E2E have an ester linkage between the dendron and OA
moiety. This study showed the OA derivatives, oleodendrimers, as being far
more effective in enhancing the transdermal permeation of diclofenac sodium
as compared to the parent OA. The specific mechanism of permeation
enhancement was not cited in the previous study. However, as fatty acids, it
could be proposed as the perturbation /disruption of the lipid bilayer of the
stratum corneum which could have led to increased drug permeation across

the epidermis of the skin 23

The potential of these novel oleodendrimers as permeation enhancers for
buccal drug delivery has not been studied for any drug to date. The buccal
permeation enhancement probability of the OA derivatives can expand its
applicability in drug delivery systems. Therefore, in this study it was decided to
explore the potential of the oleodendrimer E1E (OA1E), its dicarboxylic acid
derivative (OA1A) and a sodium salt of dicarboxylic acid (bicephalous dianionic

surfactant, OA1ANa) as buccal permeation enhancers. OA1E has been
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studied previously as a transdermal enhancer only and derivatives OA1A and
OA1ANa have not been studied as permeation enhancers for any drug by any

route.

In the previously reported study, OA1E was synthesised by methods that
involved the use of hazardous reagents such as thionyl chloride, harsh reaction
conditions involving high reaction temperatures and it was furthermore a
detailed multistep process 7. In keeping with the current trends of applying
green chemistry approaches 38, the synthesis of the OA1E derivative, from
which OA1A and OA1ANa are obtained, by a modified method to eliminate the
above drawbacks will be beneficial for its commercial application as enhancers

for various routes.

In this study, didanosine (ddl) was selected as a model drug for in vitro buccal
permeation investigations. Antiretroviral (ARV) drugs have improved the
treatment of Human Immunodeficiency Virus (HIV) infection and Acquired
Immune Deficiency Syndrome (AIDS), diseases that significantly affect the
global population 3949, Most ARVs, including ddl, have low bioavailability due
to the first pass effect and gastrointestinal acidic and enzymatic degradation.
Additionally, they exhibit dose-dependent toxicities and adverse effects 4142,
ARV drugs such as ddl may therefore benefit from buccal delivery. The
permeability potential of ARV drugs via the buccal route has been investigated
for ddC, ddl, TFV, AZT and SQV 794345 and these ARVs have all shown

potential for permeability via the buccal mucosa. There are limited studies on
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the identification of chemical permeation enhancers for ARV drugs. The latter

have included polymeric excipients 44, aloe vera #3, bile salts ® and menthol .

The aim of this study was therefore to synthesise novel OA derivatives by a
greener chemistry approach and explore the potential of OA and its
oleodendrimer derivatives as novel permeation enhancers for buccal

permeability using ddl as a model ARV drug.

2. Materials and Methods

2.1. Ethical Clearance

Ethical approval (Reference 039/13/Animal) was obtained from the University

of KwaZulu-Natal Animal Research and Ethics Committee.

2.2. Materials

Oleic  acid (OA)  (technical  grade, 90 %), N-Ethyl-N'-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDAC.HCI), p-
dimethylaminopyridine (DMAP) were obtained from Sigma, USA. 3-Amino-1-
propanol and tert-butyl acrylate were purchased from Alfa-Aesar (USA).
Acetyl chloride (AcCl) and dichloromethane (DCM) were from Merck Chemicals
(Germany). All other solvents used were of analytical grade and were procured
from Merck Chemicals (Germany). Merck precoated Silica-gel 60F2s4 plates

were used for thin layer chromatography. Didanosine (ddl) [Chromatographic
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purity (HPLC) = 99.4 %] was purchased from Ruland Chemistry Co., Ltd
(Nanjing, China). Disodium hydrogen phosphate (Na2HPOa4), potassium
dihydrogen phosphate (KH2PO4), sodium chloride (NaCl) and hydroxypropyl
methyl cellulose (HPMC) were purchased from Sigma-Aldrich (Germany).
Sodium Hydroxide (NaOH) and Hydrochloric Acid (HCI) were of analytical
grade. Milli-Q Purified water was obtained from the purification system
(Millipore Corp., USA) in our laboratories. Pigs (40 - 60 kg) were supplied by

the Biomedical Resource Unit, UKZN (South Africa).

2.3 Methods

2.3.1 Synthesis and characterisation of OA Derivatives

2.3.1.1 Synthesis

The synthetic scheme in Figure 1 shows the reaction sequences involved in
the synthesis of the different, three OA derivatives used in this study 3746 j.e.
ester derivative, oleodendrimer E1E (OA1E), the dicarboxylic acid derivative
(OA1A) and the bicephalous dianionic surfactant (OA1ANa). The derivatives,
i.,e. OA1E, OA1A and OA1ANa as well as their molecular mass, formulae and

chemical structures are presented in Table 1.
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Figure 1: Scheme showing the reaction sequences involved in the

synthesis of different OA derivatives.

2.3.1.1.1 Synthesis of 3-N, N-di- (tert-butyloxycarbonylethyl) aminopropanol 2

Compound 2 was synthesised following the literature procedure. Briefly, to a
solution of tert-butyl acrylate (19.2 g, 1.5 mol) in MeOH (200 ml), 3-amino-1-
propanol 1 (3.75 g, 0.5 mol) in MeOH (100 ml) was added drop wise
maintaining the reaction temperature below 30 °C. The reaction mixture was
allowed to stand overnight after stirring at room temperature for 8 h. The
solvent (MeOH) and excess tert-butyl acrylate were removed under vacuum to

afford compound 2 as a colorless liquid (16.4 g, 99 %).
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Table 1: Molecular Mass, Formula and chemical structure of ddl and OA,

OA1A, OA1E and OA1ANa

Molecular Molecular Chemical Structure
Mass formula
g mol™.
ddl 236.23 C10H12N40O3 o
N
NH
<
HO \OUN N/)
H\\ ’///H
OA 282.46 C18H3402 i
i OH
OA1A 483.36 C27H49NOe o :)LOH
\/\/\/\/W)j\o/\/\,\,
OA1ANa | 527.32 C27H47NNa206
o _+
o ONa
\/\/\/\/ﬁ/\/\/\)ko/\/\,\/_}
\}ON;
OA1E 595.48 C35He5sNOe
(o)
\/\/\/\/a/\/\/\)oko/\/\,qj %
}OJV
2.3.1.1.2 Synthesis of Oleodendrimer E1E (OA1E) 4

A mixture of compound 2 (2.84 g; 0.90 mol) and DMAP (0.68 g, 0.56 mol) in

DCM (25 ml) was stirred at room temperature for 10 minutes. To this mixture

EDAC.HCI (2 g, 1.12 mol) was added followed by a mixture of OA (2 g, 0.75

mol) in DCM (25 ml). The formed clear solution was stirred at room temperature
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for 48 h. Solvent was evaporated under vacuo and crude product obtained was
purified by column chromatography using silica gel # 60-100 mesh with
hexane/EtOAc, 9:1 as an eluent to obtain compound 4 as a colorless liquid

(3.84 g, 91 %).

2.3.1.1.3 Dicarboxylic acid derivative of OA (OA1A) § and its sodium salt

(OA1ANa) 6

Literature reported procedures 37 with slight modifications were followed for the
synthesis of compound 5 and 6. In short, to a mixture of compound 4 (5.95 g,
0.01 mol), H20 (0.72 g, 0.04 mol) in DCM (100 ml), acetyl chloride (3.14 g, 0.04
mol) was added drop wise, over a period of 10 min and stirred for 8 h. The
reaction mixture was washed with brine water and concentrated in vacuo after
drying over anhydrous Na2S0Os4 to afford compound 5 as a viscous liquid (3.98
g, 82 %). This compound 5 was utilised, without further purification, for the
preparation of compound 6. In short, a solution of 5 (5 g, 0.01 mol) in acetone
(200 ml) was neutralised with 20 % hot aqueous NaHCOs solution (8.35 ml,
0.019 mol) under vigorous stirring for 2 h. The precipitated white solid was
further dried by removal of solvent under vacuum to afford compound 6 as an

off white solid (5.30 g, 97 %).

2.3.1.2 Characterisation of Derivatives

The synthesised derivatives were characterised by standard analytical

techniques for structural confirmation. FT-IR spectra were recorded using a
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Bruker Alpha spectrophotometer (Germany). '"H NMR and *C NMR were
recorded using a Bruker NMR instrument (Germany) operating at 400 and 100
MHz respectively. HLB and log Poctanorwater values of the OA derivatives were
calculated using ChemSW® software (ChemSW Inc., Version 6.33, California,
USA). The chemical structures, molecular formulae and mass of the derivatives

are as presented in Table 1.

2.3.2 Buccal Permeation studies

2.3.2.1 Formulation and preparation of Gels for Permeation Studies
To determine the effect of OA and its derivatives, simple gels containing ddl (2
%w/w), HPMC (4 %w/w), OA and its derivatives (OA1A, OA1E and OA1ANa)
were prepared using 1 %w/w of either OA or each of the derivatives. The
compositions of the prepared gel formulations, in the absence of the enhancers
and in the presence of either OA or its derivatives are described. Briefly, HPMC
(4 %w/w) was weighed and mixed in a beaker with sufficient quantity of purified
water. Also, ddl (2 %w/w), weighed was separately mixed with a small quantity
of purified water and added to the HPMC. The gel formulation was then made
up to weight with further purified water, and then stirred on a magnetic stirrer
until all dissolved and was coded as formulation F1. Each enhancer, i.e. OA,
OA1A, OA1E and OA1ANa was separately weighed and added to formulation
F1 at a concentration of 1 %w/w to form the drug / enhancer gels, and were
coded as formulations F2, F3, F4 and F5 respectively. For the concentration
effects experiments, the compositions of the prepared formulations are

described. Briefly, ddl gel in the absence of the enhancers (i.e. OA and its
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derivatives) was prepared as per formulation F1. OA at varying concentrations
of 0.5, 1.0, 2.0, 4.0, 6.0 %w/w were weighed, and separately incorporated with
a sufficient quantity of formulation F1 to make the required formulations F6, F7,
F8, F9 and F10 respectively. Similarly, OA1ANa in varying concentrations of
0.5, 1.0, 2.0, 4.0, 6.0 %w/w, was each added to a sufficient quantity of
formulation F1 to make formulations F11, F12, F13, F14 and F15 respectively.

Each prepared formulation was stored in an airtight amber container.

2.3.2.2  Preparation of Porcine Buccal Mucosae

Porcine buccal mucosa has many similarities to the human buccal mucosa and
was chosen as the biological membrane for the permeation experiments 4749,
Pigs were sacrificed using the standard operating procedure at Biomedical
Resource Unit, University of KwaZulu-Natal (BRU, UKZN). Briefly, the pig was
weighted and appropriate drugs were mixed to form a cocktail for intramuscular
injection, by the registered, licensed veterinary doctor at BRU, UKZN. The
cocktail contained the following drugs, i.e. Domitor ® (Zoetis, Australia), which
contains medetomidine 1mg/ml and dosed at 0.06 mg/kg; Zoletil ® 100 (Virbac,
Mexico), which contains a mixture of tiletamine 50 mg/ml; zolazepam 50 mg/ml,
and dosed at 1.5 mg/kg and lastly, Butorphanol 10 mg/ml, (V-Tech Dispensing
Pharmacy, South Africa) dosed at 0.17 mg/kg. The appropriate, measured
doses per kilogram body weight of these drugs were each placed in a sterile
vial and subsequently mixed together and then drawn up into a single 5 ml
syringe. The pig was restrained by placing it in a squeeze cage and the cocktail

was injected into the quadriceps muscle. The ear vein became easily
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accessible within 5-7 minutes such that the pig was at a stage of sedation and
free of pain. The pig was then euthanized with Eutha-Naze® (Bayer, South
Africa), containing sodium pentobarbitone 200 mg/ml, dosed at 1 ml/kg and
administered intravenously at a rapid rate. Generally a state of death was
achieved with about 10-15 ml of Eutha-Naze. Buccal mucosae harvested from
euthanized pigs, were appropriately excised and prepared for the permeation
experiments. The thickness of the buccal mucosa was 665£72 ym (CV=8.3%).
For buccal permeability studies, the buccal mucosae were wrapped in foil,
snap-frozen in liquid nitrogen and then stored in a bio freezer (-85 °C) until

further use within three months according to previous reports 20:50,

2.3.2.3 In Vitro Permeation

Frozen buccal mucosae were allowed to thaw and equilibrated in phosphate
buffer saline pH 7.4 (PBS). Franz diffusion cells (PermeGear, Inc., Bethlehem,
USA) with a diffusional area of 0.786 cm? were used for permeation
experiments. The buccal mucosa was mounted to the diffusional area between
the donor and receptor cells and was equilibrated with PBS at 37 °C. Initially,
just the ddl gel, in the absence of any enhancer (formulation F1) and presence
of OA and the oleodendrimer derivatives, i.e. OA1A, OA1E and OA1ANa;
formulated at only one gel concentration as formulations F2, F3, F4 and F5
respectively were employed in the permeation experiments. Briefly, the donor
compartment contained either ddl (2 %w/w) / HPMC (4 %w/w) gel alone, or in

the presence of 1 %w/w of either OA or its oleodendrimer derivatives (OA1A,
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OA1E and OA1ANa). In the subsequent experiments, i.e. the concentration
effect studies, ddl gel in the presence of either OA or OA1ANa, at varying
concentrations, 0.5, 1.0, 2.0, 4.0 and 6.0 %w/w; was placed in the donor
compartment. The receptor compartments were filled with PBS. Samples were
removed from the receptor compartments at predetermined time intervals and
replaced with the same volume of PBS (drug—free). Each experiment was
undertaken using a minimum of three replicates. ddl was quantified by a
validated UV Spectrophotometry method at a Amax of 250 nm (UV
Spectrophotometer 1650, Shimadzu, Japan) as employed by previous buccal
permeation studies with antiretrovirals such as ddl 43 and ddC 89; as well as

other drugs including ondasetron %', galantamine 52 and carbamazepine 3.

2.3.2.4 Permeability Data Analysis

The cumulative amount of ddl permeated per unit surface area versus time was
plotted. The steady state flux (Jss) across the mucosal membrane was
determined from the linear part of the permeation graph by linear regression
analysis (Microsoft Excel® 2010, USA). The permeability coefficient (P) was

calculated using the following equation &:

P =(dQ/dt )/AxCd =]ss ] Cd (1)

Where dQ/dt is the cumulative amount (Q) of ddl permeated per unit time (t),
A is the active, cross-sectional diffusion area and Cq is the drug concentration

in the donor compartment. The effects of OA, OA1A, OA1E and OA1ANa and
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the various concentrations of OA and OA1ANa on the permeability of ddl were
evaluated. The enhancement ratio (ER) was calculated using the following

equation 8:

ER = P (Enhancer)/ P (No Enhancer) (2)

2.3.2.5 Morphological Evaluations using Light Microscopy and
Transmission Electron Microscopy
Histological evaluations were performed on freshly harvested, excised buccal
mucosa. Untreated buccal mucosa was transferred directly after excision from
normal saline into 10% buffered formalin without any equilibration in PBS and
served as the control. Treated samples of the buccal mucosae comprised of
those that were exposed to PBS only, or ddl gel formulation with and without
OA1ANa at varying concentrations of 0.5, 2.0 and 6.0 %w/w. Permeation
experiments were performed as described in previous studies, without drug
quantification 254351 At the end of the permeation experiments, the buccal
mucosa was cut into cross sections. For light microscopy (LM), the samples
were fixed in 10% buffered formalin for seven days, washed in water,
dehydrated using an ethanol gradient and embedded in paraffin wax using
previously described standard procedures 29430, The sections were collected
on slides, dried and stained with Hematoxylin and Eosin (H&E). Sections (in 1
pMm thick slices) were examined using a light microscope (Nikon 80i, Japan)
and bright field images were captured using NIS Elements D software and a

camera (Nikon U2, Japan).
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The samples for Transmission Electron Microscopy (TEM) were obtained after
the permeation experiments described above. They were cut into pieces not
exceeding 0.5 mm3, and fixed for 24 hours (4°C) using 4 % glutaraldehyde
fixative, buffered to pH 7.2 %% Samples were processed and embedded in
epoxy resin using standard protocols. Ultrathin sections (90 nm) were cut and
contrasted with uranyl acetate and lead citrate and viewed with a transmission
electron microscope (JEOL 1010, Japan). All experiments were performed

using a minimum of three replicates.

2.3.2.6 Statistical Analysis

The results, expressed as mean t standard deviation (SD) in values, were
analysed using one-way analysis of variance (ANOVA), and followed by a
Tukey’s Multiple Comparison Test using GraphPad Prism® (Graph Pad

Software Inc., Version 5). Differences were considered significant at p < 0.05.

3 Results and Discussion

3.1Synthesis and Characterisation of Novel Oleodendrimer Derivatives

The OA derivatives, i.e. ester derivative (OA1E), the dicarboxylic acid
derivative (OA1A) and the bicephalous dianionic surfactant (OA1ANa) were
successfully synthesised by a modified method that excluded harsh reaction
conditions in keeping with the current trends of greener approaches to synthetic

chemistry. The literature reported procedure for the synthesis of OA1E from
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which OA1A and OA1ANa were subsequently derived in this study “° required
a high reaction temperature and the use of thionyl chloride, a hazardous
chemical. In the present work, the synthetic methodology was successfully
modified by the use of coupling agents, viz., DMAP and EDAC.HCI. This
synthetic modification enabled the avoidance of thionyl chloride to transform
OA into oleoyl chloride, synthesis at room temperature instead of 110 °C as
well as a reduction in the number of steps involved in the synthesis of OA1E

and the other OA derivatives.

The structures of the newly synthesised compounds by the modified method
were confirmed by 'H NMR and 'C NMR spectroscopic analysis and
compared to the spectroscopic data for the OA derivatives synthesised by the
original method from the literature 4. The data below show that the compounds
were identical to the compounds prepared by the previously reported method
37,46 Therefore the modified method in line with green chemistry approaches

could be used to successfully prepare the OA derivatives.

a) 3-N,N’-di-(tert-butyloxycarbonylethyl)aminopropanol (compound 2)
"H NMR (CDCls) &: 1.44 (s, 18 H), 1.72 (q, 2H), 2.42 (t, 4H), 2.64 (t, 2H), 2.77
(t, 4H), 3.75 (t, 2H).

b) OA1E (compound 4)
"H NMR (CDCls) 5: 0.89 (t, 3H), 1.30 (m, 20H), 1.44 (s, 18H), 1.63 (q, 2H), 1.77
(m, 2H), 2.04 (m, 4H), 2.34 (m, 6H), 2.49 (i, 2H), 2.73 (m, 4H), 4.09 (t, 2H),

5.35 (m, 2H). 3C NMR (CDCls) &: 14.10, 22.67, 24.98, 26.65, 27.20, 27.89,
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28.09, 29.18, 29.31, 29.51, 29.70, 29.75, 31.89, 33.76, 34.34, 49.38, 50.13,
62.43, 80.31, 129.74, 129.97, 171.96, 173.85.

c) OA1A (compound 5)
"H NMR (CDCI3) &: 0.89 (t, 3H), 1.30 (m, 20H), 1.45 (s, 18H), 1.64 (m, 4H),
1.77 (m, 2H), 2.01 (m, 6H), 2.35 (m, 6H), 2.95 (m, 4H), 3.32 (m, 4H), 4.16 (t,
2H), 5.34 (m, 2H), 6.25 (br s, 2H). '3C NMR (CDCl3) &: 14.10, 22.67, 24.82,
27.15, 27.21, 29.06, 29.14, 29.31, 29.51, 29.58, 29.67, 29.76, 31.89, 33.99,

48.53, 50.68, 55.40, 60.93, 129.72, 130.02, 173.56, 179.50.

3.2 In-vitro Buccal Permeation
3.2.1 Effects of OA, OA1E, OA1A and OA1ANa as permeation enhancers

on the buccal permeability of ddI

In this study, the permeability enhancement potential of OA and its
oleodendrimer derivatives, i.e. OA1A, OA1E and OA1ANa as novel buccal
permeation enhancers to enhance the buccal permeability of ddl is reported.
The cumulative amounts of ddl permeated over six hours, its in vitro
permeation parameters in the absence of any enhancer and in the presence of
either OA or the novel oleodendrimer derivatives, i.e. OA1A, OA1E and
OA1ANa are shown in Figure 2 and Table 2 respectively. The flux of ddl in the
absence of any of the enhancers was 46.57 + 10.15 ug cm “2.hr. This flux was
marginally increased to 60.08 + 10.34 ug cm “2.hr in the presence of OA, the

parent compound with ER of 1.29 although the increase was not statistically
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significantly different from that of the control (p = 0.0674). The flux values for
ddl in the presence of OA derivatives) i.e. OA1A, OA1E and OA1ANa were
46.57 £4.93 ug cm-2.hr, 61.88 £ 9.75 ug cm 2.hr and 80.30 + 10.37 ug cm 2.hr
respectively with ER values of 1.01, 1.33 and 1.72 respectively. Therefore,
these OA derivatives were able to enhance permeation of ddl, with OA1E and
OAIANa specifically having higher ER values than the parent OA itself.
OA1ANa with an enhancement ratio (ER) of 1.72 had the highest permeation
enhancing effect as compared to OA, OA1A and OA1E. Statistical analysis
showed a highly significant difference (p = 0.0004) between the flux with
OA1ANa when compared to the control (ddl without any enhancer). A highly
significant difference was also observed between OA1ANa when compared to
OA1A (p<0.0001) as well as to OA (p<0.0001). Moreover, there was an overall
significant difference (p = 0.0116) between the permeability enhancing efficacy
of OA1A and OA1E when compared with OA1ANa (Table 2). In comparisons
to other studies, the permeability enhancements obtained in this study were
consistent with data from the previously published literature sources with oleic
acid enhancers. The buccal mucosal permeability of Fluorouracil in a gel
formulation incorporated with oleic acid as an enhancer, was increased by 1-6
fold as compared to gels without enhancer 1555 However, lower permeability
values have been reported where oleic acid was used for drug permeability
enhancement across the transdermal route 5-%8. In a recent study reported on
OA’s enhancing effect on diclofenac sodium (DS), OA enhanced the
transdermal permeation of DS (ER = 1.87) 36. This is comparable to the ER

obtained for OA’s enhancing effect on ddl in this study (ER = 1.29).
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Figure 2: The effect of OA, OA1E, OA1A and OA1ANa on the cumulative

amount of ddl permeated across the buccal mucosae.

Drugs generally can use either the paracellular or transcellular pathways or
both for permeating the lipoidal membrane, and enhancement across the
buccal mucosa %%6°, Hydrophilic drugs in particular can permeate the lipoidal
membrane via the paracellular route. FAs as chemical permeation enhancers
can improve the permeability of drugs via the paracellular pathway ©°. It has
been postulated that OA enhances permeability of drugs across the membrane
by disrupting the lipid structure of the membrane, causing solubilisation by
formation of micelles to create aqueous channels. One other probable
mechanism is that FAs cause extraction of the inter- and intra-cellular lipids
and proteins of the membrane 3, thereby causing an increased fluidity in the
membrane. Various reasons could be attributed to the observed permeation
enhancement differences between the OA1ANa and the other two derivatives.

With available literature findings on percutaneous and oro-mucosal permeation
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and the experimental observations in this study, a discussion to correlate the
structural effects of OA derivatives on the permeation of ddl through porcine
buccal mucosa is presented. The chemical structures, molecular mass, HLB,
Log Pow and ERsux for the novel derivatives, are shown in Tables 1 and 3. The
basic structural difference in the three OA derivatives is that OA1E has a
branched diester function, OA1A is a dicarboxylic acid and OA1ANa is a
bicephalous dianionic surfactant. These structural differences of OA
derivatives along with their physicochemical properties are taken into
consideration to correlate structural effects on buccal permeability. Based on
this, OA1E showed higher ER as compared to OA1A which can be attributed
to the higher lipophilicity of OA1E than OA1A 3. The results correlate with
previous findings where it has been observed that an increase in lipophilicity
results in an increase in transdermal permeation of diclofenac sodium 36. Also
OA1E has a branched tert-butyl ester function at its periphery which may have
contributed to enhanced ddl permeation since the branched diesters can
provide better permeation enhancement 6'. OA1ANa showed the highest ER
amongst all the three derivatives although less lipophilic. Its higher ER as
compared to the other 2 derivatives may be due to a combination of effects. It
may be due to its amphiphilic nature and surfactant characteristics which O1AE
and OA1A lack. Like other surfactants such as sodium lauryl sulphate,
OA1ANa might have showed effects like, disorganisation of the entire
membrane architecture due to the extraction of the inter- and intra- cellular
lipids and proteins of the membrane; the expansion of intercellular spaces, and

the insertion of OA1ANa molecules into the lipid structure 62 which facilitated
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better permeation of the drug through the lipid bilayer. These results are in
good agreement with previous studies where oral mucosal absorption of
lidocaine significantly increased in the presence of a surfactant derived from
fatty acid 3. In addition to the disruption of the lipid bilayer by the FAs, the
sodium derivative could have an added advantage of ionic interactions
between the free Na* ions and the negatively charged sialic acid residues of
mucin on the mucosae that may have further altered the membrane
permeability 84. This is proposed as an additional mechanism since in contrast,
OA1A and OA1E are acidic and ester compounds respectively and lacked the
Na* ions that may have caused the ionic interaction between sialic acid and the
enhancer as in OA1ANa. Furthermore, similar interactions have been reported
in previous studies where interaction of the enhancer with the sialic acid
residues has been proposed as a mechanism of permeation enhancement, i.e.

a cationic charged molecule with the mucosal layer 7 64,
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Table 2: Permeability parameters of the OA, OA1A, OA1E and OA1ANa

as novel buccal permeation enhancers for ddl (Mean x SD; n 23)

Treatment | Amount Flux, Jss Perme | Enha | pValue
permeated | (ug cm ability, | ncem | for Flux,
(hg.cm ?) .hr) Px 102 | ent Jss
cm hr' | Ratio
(ER)
Control Didanosine | 338.07 46.57 @ 2.33
+ 76.65 +10.15 1 0.56 --- ---
Enhancer | OA 418.86 60.08 ® 3.00 1.29
1 +77.31 +10.34 +0.57 0.0674
Enhancer | OA1A 345.98 46.57° 2.34 1.01
2 + 37.96 +4.93 +0.27 0.9747
Enhancer | OA1ANa 567.14 80.30 ¢ 4.01 1.72
3 + 80.46 +10.37 + 0.57 0.0004***
Enhancer | OA1E 438.56 61.88°¢ 3.09 1.33
4 + 66.99 +9.75 +0.53 0.0361*

{*a versus b” demonstrates statistically non-significant difference (p > 0.05),

in the flux values of the enhancers compared to the control}.

{*a versus ¢” demonstrates statistically significant difference (p < 0.05), in

the flux values of the enhancers compared to the control}.

The enhanced transbuccal permeation of ddl in the presence of OA1ANa is

therefore presumably attributed to the disruption of the lipid bilayer as well as

the ionic interaction between the sodium ions and sialic acid of the mucosal

lining.

It has been reported that the log P values and HLB number can play an

important role in differentiating enhancement ratios, flux and permeability

coefficient values 28. Moreover, it has been shown that the ester derivatives

have better enhancement potential than the acid derivatives 36. HLB and
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hydrophilicity order of OA derivatives was OA1ANa > OA1A > OA1E (Table 3).

Significant increase (p < 0.05) in ERmux with OA1ANa (ERmux =1.72) was

observed than with OA1E (ERmux = 1.33). From this observation it can be

concluded that an increase in HLB value and hydrophilicity of OA derivative

due to conversion into a surfactant molecule, resulted in increased ER#ux of ddl

with OA1ANa. However, ERqux value with OA1A was lower than with OA1E

though the HLB and hydrophilicity of OA1A was more than OA1E. These

contrasting results may be due to the fact that OA1E and OA1A as lipidic

structures act by the same mechanism of action like other FA derivatives ' and

OA1ANa as a surfactant also acts by a mechanism of action similar to other

surfactant like molecules 3. It should be noted that the difference in ER#ux of

OA1A and OA1E was not significant (p >0.05).

Table 3: Log Poiywater, HLB and ER fux of the OA derivatives, i.e. OA1E, OA1A and

OAT1ANa
Derivative HLB Log Poctanol/water ERfiux
OAI1E 4.79 9.40 1.33
OAlA 7.41 6.00 1.01
OA1ANa 36.2 -2.96 1.72
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The faster and non-linear drug release observed at earlier times as compared
to slower and linear drug release thereafter may be due to lack of equilibration
between the mucosal absorption site and the permeating drug molecules.
Once an equilibrium exists between the drug molecules and the mucosa, the
non-linearity disappears due to reservoir of permeating molecules created from
the partitioning of the drug into the deeper mucosal layers, which slows the
diffusion rate, hence the slower kinetics observed in this study (Niccolazzo et
al 2003; Mashru et al 2005; Birudaraj et al 2005).

Another observation is that there was no lag time in the permeation profiles
obtained for the enhancing effect of OA and its derivatives on ddl permeability
(Figure 2). By nature of the permeation enhancing effect of the enhancers, the
cell layers would have been disrupted, hence reducing and/or removing any
lag time that the drug might experience. Furthermore, as ddl is hydrophilic,
permeation may be via the paracellular pathway thereby further reducing the
lag time despite the thickness of the mucosae. Similar lack of lag times during
buccal permeation studies on various drugs including didanosine, lidocaine

and tenofovir, using porcine buccal mucosa has been reported previously

24,43,44,63

In this study, it has therefore been shown that OA and its novel derivatives, i.e.
OA1E, OA1A and OA1ANa, to a different extent enhanced the buccal
permeability of ddl. The oleodendrimer derivative OA1ANa further had the
highest enhancement factor for ddl as compared to the parent OA and other

derivatives.
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3.2.2 Effects of varying concentrations of OA and OA1ANa on the
buccal permeability of ddI.
The above study identified OA1ANa as having the highest permeation
enhancing effect. The effects of varying concentrations of the OA1ANa
derivative was then studied and compared to OA (Figure 3 and Table 4). This
study also identified the concentration range at which it will be effective and
potentially safe for buccal permeation enhancement of ddl. The permeation
enhancing potential of OA1ANa, as shown by the permeability properties of
ddl, increased significantly (p = 0.0014) from 0.5 %w/w (ER = 1.14) to 2 %w/w
(ER =3.09), but decreased at 4 %w/w (ER = 1.55) and at 6 %w/w (ER = 1.50).
Similar trends in the permeability properties of ddl in the presence of OA1ANa
were also observed for OA at varying concentrations (Figure 3 and Table 4).
Increase in OA1ANa concentrations from 0.5 to 2 %w/w led to increasing ER
values but further increases at 4 and 6 %w/w led to subsequent decreases in
ER values and they did not show any further enhancement in the ddl flux; and
this was similarly observed for OA. Interestingly, the highest flux of ddl was

obtained for both OA and OA1ANa at the same concentration of 2 %w/w.
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Figure 3: Concentration Effects of OA and OA1ANa on the Flux of ddl.

The results obtained in this study are similar to previous studies where
increasing the concentration of the enhancers increased the buccal
permeability enhancement initially, but further increases in concentration led to
decreased permeability 314357, Reasons for the trend observed could be due
to disruption of the lipid bilayer of the buccal mucosa occurring at the 2 %w/w
concentration to allow for optimum permeation, whilst increased concentrations
to 4 and 6 %w/w could have increased the viscosity at the mucosal layer,
resulting in low drug movement 8. Higher concentrations may have also
decreased partitioning of ddl from the gel. Previous studies that used OA as a
permeation enhancer have reported that the flux of piroxicam in the presence
of OA increased from 0.3 %w/w to 1 %w/w but decreased at 5 %w/w °’. The

reason attributed to this was thatata 5 %w/w OA concentration, the presence
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of a large amount of the FA could have slowed down the partitioning of the drug
out of the gel base, thereby reducing the permeability rate of piroxicam %7. The
maximum ER value for OA1ANa obtained (ER=3.09) is similar to and in some
cases higher than other reported CPEs stated as being promising enhancers
for buccal permeation e.g. 3.2 for propylene glycol and dodecyl-2-
dimethylamino propionate (DDAIP) HCI with ondasetron 2° and 1.8 for sodium
dodecyl sulphate with caffeine 6. It has been previously shown that the novel
derivative, OA1E, used in this study could enhance the transdermal permeation
of drugs . The ER of the OA1ANa derivative compares with the
oleodendrimers reported in that study. The ER ranged from 2.02 to 2.58 for
oleodendrimers with the amide linkage. Interestingly, these ER values for
transdermal permeation (2.02 to 2.58) are lower than the ER values obtained
for OA1ANa (ER = 3.09). This can be due to the higher permeability of the
buccal mucosa than that of the skin; since the skin unlike the buccal mucosa
is keratinized and the application site in the skin layers could be thicker and
greater thus posing more challenges for drug permeability’. Additionally,
possible interaction of the Na* ions with negatively charged sialic acid residues
and the mucin molecules may have further led to the higher ER value for buccal

permeation.
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Table 4: Effects of concentrations of OA and OA1ANa on the Permeability

parameters of ddl (Mean x SD; n =3)

Cum Amt Flux, Jss Enhancement
Permeated, (g cm 2-hr) Ratio (ER)
QeHr (Hg.cm 2)
Control 338.07 £76.66 | 46.57 £10.16 --
+10.15
Concentrations | OA OA1ANa | OA OA1ANa | OA OA1ANa
[Yow/w]
[0.5] 381 392 49.19 | 52.78 1.05 |1.14
63 | £55 +590 (+6.86
[1] 419 | 567 60.08 | 80.50 1.29 |1.72
+77 [ £80 + +11.33
11.51
[2] 496 | 970 71.80 | 144.00 1.54 |3.09
+93 | +£289 _ 5 + 53.54
12.03
[4] 400 | 508 49.85 |72.25 1.07 |1.55
+ +126 + +16.34
105 11.50
[6] 404 | 440 62.57 | 69.91 1.35 |1.50
+36 | +106 +6.38 | 18.26

This study has identified for the first time a novel derivative of OA, OA1ANa, as
an effective buccal permeation enhancer, thereby adding to the pool of

chemical permeation enhancers for buccal delivery of ddl and other drugs.
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3.3 Light Microscopy (LM) and Transmission Electron Microscopy
(TEM) for the Histomorphological Evaluations of the mucosa
Permeation enhancers can play a role in the improvement of the permeability
of drugs; however their suitability needs to be established as they may have
membrane damaging effects 867. Buccal delivery involves retention of the drug
delivery system on the buccal mucosal site for diffusion to occur across the
mucosa. Hence, the basal membrane of the mucosa must remain intact to
ensure an effective diffusion of the drug. LM and TEM have been used in the
literature to assess integrity of and histomorphological changes on the buccal

mucosae after drug permeation studies 434468,

In this study the effects of OA1ANa, being the buccal permeation enhancer
amongst the three OA derivatives studied with the highest permeability
coefficient and flux values, were investigated using LM and TEM. It must be
noted that the barrier function of the stratified epithelium lends itself to a
‘rebound’ effect after prolonged exposure to a drug, which was not assessed
in this study. However, adequate information can be obtained from LM and
TEM images to determine whether the tissue suffered permanent/irreversible
damage after exposure to the drug and enhancer treatment 6468,

The morphology of the porcine buccal mucosa has been described previously
and its characteristics resemble that of the human buccal epithelium*®6°. The
LM and TEM treated sections were compared to the controls. In LM

investigations, the untreated mucosae/controls resembled that of a normal
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non-keratinized, stratified squamous layer and the basal cells appeared oval
and darkly stained in H&E (Figure 4A). Hence, the cells observed in the control
sections could be regarded as healthy cells. The cells observed in the ddl gel
treated mucosae (Figure 4B) resembles those seen in the control, therefore
confirming that dd| gel and the excipients in the formulation did not adversely

affect the mucosa.

The cells of the mucosa treated with ddl+ OA1ANa 0.5 %w/w (Figure 4C)
closely resemble that of the control (Figure 4A) and the ddl gel treated
mucosae (Figure 4B). This shows that no adverse effect was displayed in the
cells of the mucosa treated with OA1ANa 0.5 %w/w. Moreover, the appearance
of the control, ddl and ddl+ OA1ANa 0.5 %w/w mucosal sections were all
similar suggesting that no adverse influence of ddl or OA1ANa at 0.5%w/w in
the tissue morphology was evident. The outermost layer of the stratified
squamous epithelium, basement membrane, lamina propria and submucosa
were all intact in both the treated and untreated mucosae (Figures 4A-4E).
Therefore OA1ANa 0.5 %w/w had no adverse effect on the buccal mucosae.
There were no morphological changes observed in the mucosae treated with
ddl alone (Figure 4B) and those treated with ddI+OA1ANa 0.5%w/w (Figures
4C). The superficial, prickle and basal cells all remained intact and no loss of
the superficial cell layers and no formation of vacuoles in both the prickle and

basal cells were observed.
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However, the neatly aligned cells observed in Figures 4A and 4B which are the
control and dd| gel treated mucosae respectively appeared to be interspaced
in Figures 4C-4E which are ddI+OA1ANa 0.5 %w/w, ddI+OA1ANa 2 %w/w and
ddI+OA1ANa 6%w/w treated mucosae respectively. The increased
intercellular spaces (Figures 4C-4E)) could be attributed to the permeation
enhancing effect of OA1ANa. Furthermore, the intercellular spaces between
the epithelial cells increased with an increase in the concentration of OA1ANa
from 0.5 %w/w to 2 %w/w, and further increased with ddl+OA1ANa 6%w/w
(Figures 4C-4E). Moreover, swellings and vacuoles formation were observed
in the prickle layers of the enhancer-treated mucosae compared to the control
and drug-treated mucosae. When compared to the ddl+OA1ANa 0.5%w/w
treated mucosae, increased formation of vacuoles, swelling and increased
intercellular spaces in both the basal and prickle cell layers were observed in
the ddlI+OA1ANa 2 and 6 %w/w treated mucosae (Figures 4D-4E). The
progressive morphological changes observed in treated cells could therefore
explain the increased permeation of ddl observed in this study with OA1ANa
at these concentrations (Figure 3). Increase in swelling and vacuole formation
may also be attributable to accumulation of both drug and enhancer in the
mucosa cells without the loss of the superficial layer. Increasing permeation
was observed from ddI+OA1ANa 0.5 %w/w to ddI+OA1ANa 2 %w/w which
correlates with the increased intercellular spaces, formation of vacuoles and

swelling observed at these two concentrations.
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There were clear distinctions between the cells treated with ddl+OA1ANa 2
%w/w (Figure 4D) and with ddI+OA1ANa 6 %w/w (Figure 4F). The cells treated
with 6 %w/w were not as darkly stained as in the control, 0.5 %w/w and 2 %w/w
treated cells. They showed probable reduced mitotic activity in both the prickle
and basal layers, which may prevent diffusion of the drug across the basal
cuboidal cell layer. The partitioning of drug across the biological membrane is
possibly due to the mitotic activity in the mucosal cells. Thus, if a disruption is
shown in the cells, such that cell organelles are disorganized, there could be a
reduced mitotic activity and hence reduced partitioning of drugs °. Evidence of
disruption to the cell organelles could indicate lack of partitioning of drugs into
the membrane, hence lack of drug transport by diffusion across the membrane.
This slight reduction in the mitotic activity observed in the basal cell layers could
have led to the reduced permeability observed at the higher concentration
(ddI+OA1ANa 6 %w/w). With ddI+OA1ANa 6 %w/w treated mucosae, the basal
cells were additionally not totally oval in shape, showing some distortions in the
membrane. However, any damage to the mucosa is considered non-
permanent as the mucosa can regenerate from its damaged status by renewed
growth of the mucosa from the germinal layer 7'. The results of this study
correlated with trends observed in the concentration effect of aloe vera gel on

the enhancing properties of ddl that was reported previously 43
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(D) ...

Figure 4:

Photomicrographs of the control (untreated) and treated buccal
mucosal sections stained with H&E (LM): (A) control /untreated
(SL: superficial layer; PL: prickle layer; BL: basal layer; CT:
connective tissue); (B) ddl gel (in the absence of any enhancers);
(C) ddI + 0.5 %w/w OA1ANa; (D) ddl + 2 %w/w OA1ANa and (E)
ddl + 6 %w/w OA1ANa.
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In TEM investigations, an in-depth ultrastructural analysis of the cellular
organelles of the buccal mucosa sections is made possible. TEM was therefore
undertaken to confirm the effect of the novel derivative OA1ANa on the cellular
organelles of the buccal mucosa that was observed at the LM level and
reported above. The ultrastructure of the untreated buccal mucosa (control)
showed regular nuclear profiles with closely packed cellular walls and well-
arranged desmosomes at the gap junctions. The nuclear outlines appeared
regular in the control buccal mucosal section (Figure 5A).

Both the ddl and OA1ANa 0.5 %w/w treated mucosae resembled the control
section by way of their regular nuclear outlines and absence of cellular
distortions. The mitochondria appeared dense in both the ddl gel treated
mucosa (Figures Bi-ii) and the OA1ANa 0.5 %w/w treated mucosae (Figure
Cii), although they showed slight electron translucent clearings within the
mitochondria. An increase in the intercellular spaces was noted with dd| gel
only (Figures 5B) as well as ddI+OA1ANa 0.5 and 2 %w/w treated mucosae
(Figures 5Ci and 5Di). The increased intercellular spaces observed could be
attributed to the partitioning of the permeant (ddl) as well as the enhancing
effect of OA1ANa.

A permeant can use either the paracellular, transcellular or both pathways
mechanisms for permeability enhancement 7%°. The increase in the
intercellular spaces did not damage the gap junctions as evident by the
presence of the desmosomes. Interestingly, the desmosomes appeared intact
in the ddI+OA1ANa 2 %w/w treated mucosa (Figure 5D (ii)). This may indicate

that the highest permeability observed at this concentration level could be via
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the paracellular transport pathway. Surfactants can disrupt the lipid bilayer / the
entire membrane architecture of the buccal mucosa, cause an expansion in
intercellular spaces and can lead to an insertion of the OA1ANa molecules into
the lipid structure 72 which can encourage the enhanced permeability of drugs.
Though appearing slightly swollen, no evidence of damage to the desmosomes
at the gap junction could be seen except for increased intercellular spaces.
This can also be due to the enhancing effect of OA1ANa on the buccal
permeability of ddl 7. While the nuclear envelope appeared slightly irregular
as observed in the ddI+OA1ANa 2 %w/w treated mucosa, cellular damage was
not evident. The nuclear membrane showed slight distortion in the outlines
which do not differ much from that of the ddI+OA1ANa 0.5 %w/w treated
mucosae. However, crenulation of the nuclear envelope was observed in the
ddI+OA1ANa 6 %w/w (Figure 5E).

In this study, LM confirmed that there was no adverse effect and no tissue
damage as a result of the ddl gel when used alone and when in combination
with OA1ANa 0.5 and 2 %w/w except for the OA1ANa 6 %w/w where adverse
effects were observed. TEM revealed similar effects of OA1ANa on the mucosa
as observed with the LM. Since the mucosa was not adversely affected at these
concentrations, i.e. 0.5 and 2 %w/w, OA1ANa could be used at these
concentrations to enhance the permeability of ddl. In permeation studies,
OA1ANa was identified as the enhancer with highest ER for ddl. Based on
these results, OA1ANa at 2 %w/w can be proposed as an enhancer in a

delivery system since the exposure of OA1ANa concentrations up to 2 %w/w
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did not show any adverse effects on the buccal mucosa and simultaneously

displayed the highest permeability enhancement.

(A) (Bi)

(Ci)

(Di)

(Dii) (E)

Figure 5:  Electro-micrographs of the control (untreated) and treated ultra-
thin buccal mucosal sections (TEM): (A) control /untreated; (Bi
and ii) ddl gel only (in the absence of any enhancers); (Ci and
ii) ddl + 0.5 %w/w OA1ANa; (Di and ii) ddl + 2 %w/w OA1ANa;
(E) ddI + 6 %w/w OA1ANa
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Conclusions
The derivatives of OA were successfully synthesised incorporating the use of
a coupling agent i.e DMAP and EDAC.HCI that eliminated the use of thionyl
chloride and high reaction temperatures as well as reduced the number of
synthetic steps. This study clearly demonstrated that OA and its novel
derivatives, i.e. OA1E, OA1A, and OA1ANa could enhance the buccal
permeability of ddl. All the novel derivatives of OA that were explored and
reported in this study increased the buccal permeability of ddl, with the
OA1ANa derivative having the best enhancing potential than other derivatives
and its parent compound, OA. OA1ANa 2 %w/w displayed the highest flux and
permeability for ddl across the buccal mucosa with an enhancement ratio of
3.09 more than that of the ddl alone. The permeability enhancing effects
OA1ANa as a novel buccal permeation enhancer for ddl was shown to be
concentration-dependent. Interestingly, both OA and OA1ANa also showed a
similar trend with flux values as their concentrations were increased. Maximum
flux for both OA and OA1ANa were observed at 2 %w/w with ER values of 1.54
and 3.09 respectively. The morphological changes reported in this study, i.e.
vacuoles formation, increased intercellular spaces and swelling were attributed
to, and correlated with the permeation enhancing effect of the novel OA1ANa
derivative. No adverse effects were observed in all treated and untreated
mucosae in this study. The novel OA derivatives show potential for the

enhancement of the buccal permeability of ddl and can widen the pool of
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chemical permeation enhancers for buccal delivery of various drugs for drug

therapy optimisation.
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CHAPTER FIVE
CONCLUSION

5.1INTRODUCTION

The conclusions drawn from the main experimental findings in this study are
presented in this chapter. It also identifies possible study limitations, and
highlights the significance of the study as well as recommendations for future

work.

The potential of the buccal mucosa route to deliver different classes of drugs,
including antiretroviral, specifically ddl, may overcome certain challenges
suffered by the current use of other routes, such as oral, parenteral and rectal,
to increase therapeutic outcomes and patient compliance. A major focus in the
area of buccal delivery of drugs is identifying approaches to overcome the
challenges of limited buccal permeability due to the epithelium layer that acts
as a barrier to drug permeation. Thus, the selection of a safe and effective
permeation enhancer is essential for the design of buccal drug delivery
systems to promote the permeation of drugs across the buccal mucosa and
improve bioavailability. The potential of the buccal mucosa route for delivery of
ARVs have not been comprehensively investigated. The ultimate aim of this
study therefore, was to explore the potential of the buccal mucosal route for the

delivery of an antiretroviral drug.
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The permeation experiments using vertical Franz diffusion cells were
undertaken, and permeability of ddl across the buccal mucosa was confirmed.
Histomorphological studies using light and transmission electron microscopy
to evaluate the effect of ddl and the novel permeation enhancers on the buccal
mucosa were performed. Furthermore, the preliminary formulation experiments
were undertaken and reported as published research abstracts. Novel MMFs
containing dd| for buccal delivery were prepared using homogenization, casting
and solvent evaporation methods. In vitro dissolution studies of the MMFs
containing ddl were performed using a shaking water bath. Scanning electron
microscopy was employed to evaluate the surface morphology of the films
before and after in vitro dissolution testing. The ddl MMFs prepared in this
study were confirmed as potential candidates for optimization into buccal

delivery systems.

5.2CONCLUSIONS FROM THE STUDY FINDINGS

This study purposed to explore the potential of the buccal mucosa route to
deliver a model ARV drug, i.e. ddl. The study had three sub-aims as presented
below, and each had a number of objectives. The conclusions drawn from each
aim, based on the main experimental findings in this study will be outlined

respectively:
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1. Investigate the permeability properties of ARV drugs across the buccal

mucosa using ddl as a model ARV drug.

The potential for delivering an antiretroviral drug such as ddl using the
buccal mucosa as an alternate route was confirmed. The buccal
permeability parameters of ddl were identified, and the effects of ddl
concentration study showed that its permeation across the buccal
mucosa was concentration-dependent. A linear relationship
(R?=0.9557) between the flux and ddl concentrations indicated that
passive diffusion was the mechanism of its transport across the buccal

mucosa.

2. Determine the effects of different novel enhancers such as, AVgel, OA and

the synthesized oleodendrimer derivatives of OA, on the buccal permeability

of ddl.

The effect of AVgel as a buccal permeation enhancer obtained from a
natural plant product was investigated. The study showed that ddl can
permeate the buccal mucosa in the absence of AVgel, and without
adversely affecting the mucosal morphology. AVgel, at concentrations
0.25 to 2 %wl/v, was identified as an effective buccal permeation
enhancer for ddl. The permeability enhancement potential of AVgel for
ddl increased significantly from 0.25 to 2 %w/v, with enhancement ratio

(ER) of 5.09 (AVgel 0.25 %w/v) to 11.78 (AVgel 2 %wiv). The
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enhancement of ddl increased approximately 12-fold with AVgel 2.0
%w/v, but decreased to 0.87-fold with AVgel 6.0 %w/v. Therefore, AVgel
can increase the permeation of ddl across the buccal mucosa with the

enhancement being concentration-dependent.

The effects of OA and its novel derivatives were investigated i.e. ester
derivative (OA1E), dicarboxylic acid derivative (OA1A) and bicephalous
dianionic surfactant (OA1ANa) as chemical permeation enhancers for
buccal delivery of ddl. This study clearly demonstrated that OA and its
derivatives, i.e. OA1E, OA1A, and OA1ANa, all at 1 %w/w, could
enhance the buccal permeability of ddl. OA and all the novel derivatives
that were explored and reported in this study increased the buccal
permeability of ddl, with the OA1ANa derivative having the best
enhancing potential than other derivatives and its parent compound,

OA.

The concentration effect of the best identified oleodendrimer derivative,
OA1ANa, was also investigated at varying concentrations of 0.5 to 6
%w/w, and compared with its parent compound, OA. The permeability
enhancing effects of OA1ANa as a novel buccal permeation enhancer
for ddl was shown to be higher than its parent compound, OA, and was
concentration-dependent. OA1ANa at 2 %w/w displayed the highest flux

of 144.00 + 53.54 ugcm=2.hr, and enhanced the permeability of ddl
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across the buccal mucosa with an enhancement ratio of 3.09, more than
that with the ddl alone. At equivalent concentrations, OA1ANa (ER =
3.09) showed higher enhancement of ddl than the parent compound,
OA (ER = 1.54). This novel OA derivative displayed the best potential
for enhancing the buccal permeability of ddl, and it can widen the pool
of chemical permeation enhancers for the buccal delivery of ddl and

other drugs for therapy optimization.

3. Assess the histo-morphological effects of both ddl and the novel enhancers,

AVgel and OA oleodendrimer derivatives on the buccal mucosa, using light

and transmission electron microscopical studies.

Histomorphological investigations of the buccal mucosae in the absence
or presence of AVgel were performed. This study therefore
demonstrated that there were adverse effects on the cell organelles of
the 1, 2 and 6 %w/v AVgel-treated mucosae. However, the cell
organelles of the buccal mucosae treated with PBS, ddI/PBS and
ddI/PBS/AVgel 0.5 %w/v were still intact, and showed that there were
no adverse mucosal effects. Based on the findings in this study, it is
proposed that AVgel can be used in concentrations at or lower than 0.5
%wl/v due to adverse mucosal effects at the higher concentrations. The
histomorphological evaluations in this study also proved useful in

correlating the permeation enhancing properties of AVgel with its effects
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on the buccal mucosa. AVgel effectively enhanced the buccal
permeability of ddl at all concentrations studied. A safe and effective
concentration of 0.5 %w/v w with ER of 5.09 was identified. Therefore
AVgel at 0.5 %w/v showed the most buccal permeation enhancing

potential for delivering an antiretroviral, ddl.

Histomorphological investigations of the buccal mucosae in the absence
or presence of the selected OA derivatives were also performed. Light
and transmission electron microscopical analysis confirmed that
OA1ANa at all concentrations, except the 6 %w/v, had no adverse
effects on the mucosae. Morphological changes, such as vacuoles
formation and increased intercellular spaces, noted that 2 %w/w were
attributed to the buccal permeation enhancing effect of OA1ANa.This
study also showed that OA1ANa is safe and effective to use as buccal

permeation enhancer for ddl at the identified concentration of 2 %w/v.

The potential of using AVgel at a concentration of 0.5 %w/v or lower for
developing a buccal drug delivery system containing antiretroviral ddl
and buccal permeation enhancer of natural origin. Furthermore, the
potential of a novel chemical permeation enhancer, i.e. OA1ANa at a
concentration of 2 %w/v or lower, was identified. The presence of

intercellular spaces in the mucosae treated with both ddl and the
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enhancers suggested that they permeated the buccal mucosa using

both the paracelular and transcellular routes for transport.

The findings of this study therefore contributed significantly to knowledge
about the buccal delivery potential of an ARV, ddl and the permeation
enhancers of both natural plant and synthetic products origin. These novel
enhancers can be selected to develop buccal delivery systems containing
ARVs, for improving HIV and AIDS therapy. The various ddl MMFs prepared
in this study are potential candidates for optimization as novel buccal delivery

systems.

5.3STUDY LIMITATIONS

The aim of this study was to explore the buccal delivery potential of an
antiretroviral drug using ddl as a model drug. The methods employed to
generate the experimental findings in this study were in line with those
employed in other studies reported in the literature. However, certain limitations

as described below should be noted:

e The buccal mucosa, is a biological membrane, and when used for
permeation studies can produce data with high variability,
particularly if the membrane is not harvested and excised according
to an appropriate standard procedures. The initial stage of the

preparation of buccal mucosae from pigs for permeation
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experiments therefore took extensive time, as very limited expertise
in the mucosa excision was available in the country. Therefore, much
time was taken to achieve the correct procedures to obtain the
buccal mucosa, and to reduce variability in the various permeation
experiments undertaken at the initial stage of this study. In addition,
extensive time was taken to ensure that the reported data were
reproducible. An early exposure to the standard operating
procedures regarding the preparation of the buccal mucosae,
including harvesting the mucosae from the pigs, as well as the
excision for permeation experiments could have saved time, which

could have been used to add value to the experimental studies.

Some studies in the literature support permeation studies with
transepithelial electrical resistance (TEER) which is an indicator for
epithelial viability and, to demonstrate that mucosal integrity remains
irreversibly affected. The publication of the findings from
experimental studies in chapters 3 and 4 could have been improved
if relevant TEER equipment were available for the study at the initial
stage. However, the morphological characteristics of the buccal
mucosae evaluated by LM and TEM as well as the reproducible data,
did show that the buccal mucosa used in the study remained intact
throughout the 6 hour experimental period. In addition, the
permeation data in this study were obtained with acceptable

standard deviations, and the histomorphological evaluations

211



correlated well with the permeation data. The experimental studies
on buccal permeability did not include TEER measurements due to
lack of equipment, which could have further strengthened the

published paper at the time.

ddl was incorporated into MMFs, and the preliminary experimental
findings were published as an abstract in an international ISI journal.
The characterization of the dd| buccal films (i.e. MMFs) in terms of
drug uniformity content, in vitro drug release, film thickness and
morphology did confirm the potential for optimization. However, an
in-depth characterization of the ddl MMFs was not done. Therefore,
further  characterization, such as mucoadhesive and
physicomechanical properties of the MMFs that were prepared in this
study, could have strengthened the thesis. This was not performed,

as this thesis met the criteria for PhD by publication route.

5.4RECOMMENDATIONS FOR FUTURE WORK

The findings of this study can contribute significantly to the knowledge required

by formulation scientists to optimally design and formulate ARV buccal delivery

systems that will incorporate permeation enhancers for improving antiretroviral

therapy. Further work will be necessary for buccal delivery systems containing

an ARV such as, ddl, to formulate with permeation enhancers and manufacture

212



for commercialization. Therefore, future research could address the following

areas:

e The mechanism of ddl permeation in the presence of the enhancers
should be investigated, as ddl (pKa 9.2) has the tendency to ionize in an
acidic medium, and any variation in the buccal physiological pH may
influence the functionality of the dosage form as well as ddl absorption
mechanism. Therefore, investigating the effect of pH on ddl permeation
in the presence of the enhancers as well as pH-partitioning studies are
recommended. Mechanistic studies to characterize the buccal
permeation properties of both drug (ddl) and enhancers, i.e. AVgel and
OA1ANa, which would be useful in determining the exact permeation
pathways are proposed. In addition, molecular dynamics studies on both
drug and enhancers are proposed in order to predict mechanism of
permeation, as well as how the molecules of drug and enhancers interact

with the components of the buccal mucosa.

e The use of conventional light and transmission electron microscopy are
limited by rigorous method of fixation, sectioning and staining of the
buccal mucosa. Processing techniques may interfere with the
examination and interpretation of the structures of the mucosa. Hence,
confocal scanning laser microscopy is proposed for future studies, as it
may play a major role in detecting and determining various cell organelles

in the mucosa. The pathways of the buccal permeation of ddl and the
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enhancers may become clearer and mechanisms of permeation evidently

determined.

The enhancers identified in this study have the potential for being
applicable to other ARVs, particularly the new generation of ARVs, such
as integrase strand-transfer inhibitors (INSTI, i.e. elvitegravir), and a
second generation NNRTI, i.e. rilpivirine. It is therefore recommended that
the study approach described in this thesis be employed in developing
and optimizing other newer ARVs. The enhancers identified in this study
can also be investigated for delivery systems containing ddl or any other
ARV, for various mucosal applications, including rectal and vaginal.
Furthermore, studies on developing delivery systems that will contain
more than one drugs for simultaneous delivery via transmucosal routes
are emerging. In addition, in South Africa and globally, antiretroviral
therapy using combination drugs, such as fixed dose combination (FDC)
of tenofovir, emtricitabine and efavirenz or other multi-class combination
ARV products, is currently a gold standard treatment for HIV and AIDS in
an approach referred to as highly active antiretroviral therapy (HAART)
for improved therapeutics’ outcomes and patient compliance. Therefore,
an investigation into the effects of the enhancers identified in this study
for buccal delivery of FDC for other ARVs and multi-class combination

drugs is highly recommended.
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e Incorporating buccal permeation enhancers into an optimized drug
delivery system for ddl or other ARVs remains to be investigated. The
development of a carefully designed advanced buccal delivery system,
such as nano-composite or polyelectrolyte films, or novel mucoadhesive
nanoparticles to contain ddl and selected permeation enhancers for
improved ARV therapy is proposed. Further, optimization and in-depth
characterization of these delivery systems, in terms of
physicochemical/mechanical properties, should be explored. Additionally,
molecular modeling is recommended in order to determine how the
enhancers will interact with the drug and in the presence of the selected
excipients. Stability studies on the formulation of ddl MMFs in order to
ascertain the exact effects of the enhancers on the design and formulation
of buccal delivery systems, in terms of chemical and physical stability are

recommended.

¢ [n vivo studies using appropriate animal model, such as pig, to identify
the effectiveness of the dose of drug and enhancers to be incorporated
into the buccal delivery systems are proposed. Additionally, the
acceptability of the buccal delivery systems by the intended human
populace should be explored. Studies on irritation and toxicity of the drug

and the enhancers on the buccal mucosa are recommended.
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5.5SIGNIFICANCE OF THE FINDINGS IN THE STUDY

Optimizing drug treatment of HIV and AIDS:

This study has confirmed the buccal delivery potential of ddl as an
alternate route for ARV therapy. The treatment of patients suffering
from HIV and AIDS remains a health priority in South Africa and
globally. The delivery of ARV drugs via the buccal mucosal route will
overcome challenges with oral delivery. This study will benefit
patients in many ways, including increase in bioavailability, reduction
in systemic side effects of ARVs, and improved patient compliance.
The delivery of ARV via buccal will benefit patients in many ways,
including increase in bioavailability due to the highly vascularized
buccal mucosal site that promote higher absorption of drugs. For
buccal drug delivery, lower doses are administered compared to the
high and frequent doses with oral drug delivery, hence the dose-
dependent Gl side/adverse effects would be reduced. Moreover, the
buccal drug delivery systems may exhibit controlled-release kinetics
thus decreasing frequency of dosing and reducing systemic side
effects leading to improved patient compliance, hence optimized
drug treatment. ldentifying alternative route of delivery for ARVs,
especially in paediatrics and patients with swallowing difficulty is
paramount for improving ARV therapy. Furthermore, the availability

of buccal delivery systems containing ddl can increase the variety of
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dosage forms for various categories of patients, particularly for

paediatric population.

Creation of new knowledge in buccal delivery of antiretroviral

drugs:

This study has identified the buccal permeability parameters of ddl
and has confirmed the potential of ddl for buccal delivery. It has also
identified the permeation enhancing abilites and possible
mechanisms of novel permeation enhancers of both natural plant
and synthetic origins for buccal delivery. The study also contributed
to establishing correlations between histological evaluations of
buccal mucosa using the TEM with permeability parameters in the

area of ARV buccal delivery.

Identification of new pharmaceutical materials for buccal

delivery:

The project has contributed to the identification of new excipients for
buccal delivery systems. The identification of synthetic derivatives of
OA as well as AVgel from natural plant products as enhancers for
buccal delivery was established. These novel permeation enhancers
will now be available to formulation scientist for selection in

formulating, optimizing and manufacturing ddl buccal films for
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eventual commercialization. This will also be applicable to other
various classes of drugs for various diseases, and particularly to
other ARVs, fixed dose combinations, and multi-class ARV
combinations. Further, the pharmaceutical industries will benefit
from the findings of this study, in that the newly identified materials

can be used to manufacture more cost-effective medicines.

¢ Impact of this study on future research:

The identification of the permeability parameters of the ARV drug,
ddl as well as drug permeation enhancement potential of AVgel and
OA derivatives impact on future research as it will stimulate further
research into the design of ddl buccal delivery systems with optimal
properties. The findings in this study can also be applied to
investigate the buccal delivery potential of other newer ARVs, and
specifically the multi-class combination drugs for improving ARV
therapy. This study is also significant for other routes of drug
administration, such as the vaginal, rectal as well as ocular drug
delivery routes, as these enhancers may be investigated for these

routes as well.

The current trend for optimizing drug treatment for various diseases is
searching for alternate routes for drug delivery, and developing novel drug

delivery systems, instead of searching for new chemical entities. The buccal
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mucosa as alternate route for drug administration clearly has potential for the
delivery of an antiretroviral drug. The design, optimization and evaluation of a
novel drug delivery system of an ARV for buccal would require multidisciplinary
collaborative approach and efforts of the researchers in academia, formulation
scientists as well as pharmaceutical industries. This multidisciplinary
collaborative approach is particularly warranted for an eventual manufacturing

and commercialization of the novel buccal delivery systems of ARV drugs.
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68 Health Sciences

COLLEGE OF HEALTH SCIENCES ACADEMIC RULES

Note:

+  The General Academic Rules of the University shall, where applicable, also apply to the
qualifications offered in the College

*  Students are advised that not all modules listed in this handbook will necessarily be
offered and that the University reserves the right to withdraw medules at short notice if
and when necessary

+  Allfirst entry undergraduate students from 2014 must pass a module in isiZulu in order
to be degree complete; or obtain exemption from the module under rule GREa.

CHS 1-Changes in Rules

The College may revise or add to is rules from time to time, and any such alteration or
addition shall become binding upon the date of publication or upon such date as may be
specified by the College, provided that no change in rules shall be interpreted so as to operate
refrospectively to the prejudice of any currently registered student.

CHS 2 - Professional Registration

Where a Statutory body (e.g. the Health Professions Council of South Africa), requires the
professional registration of students in a programme, then the continued registration of the
student in the programme (and the University) shall be a condition of such registration with the
Statutory Body.

CHS 3 Statutory Body Requirements

a) Statutory Bodies governing qualifications and programmes offered in the College may
have stipulated leaming activity requirements (e.g. a minimum number of hours of clinical,
experiential, fieldwork and/or service leaming) that must be achieved prior to graduation.

b) If necessary, such activities may need to be undertaken after normal working hours, over
weekends, public holidays and during University vacations.

CHS 4 Compulsory Hepatitis B Vaccination

a) All students registered in the College for the first fime (or in a new programme) shall
provide proof of successful vaccination against Hepatitis B by the end of their first year.
b) There shall be no further registration without such proof.
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College Rules 69

CHS 6 Registration and Progression

a) Save in exceptional circumstances and with the express permission of the School, no
student shall be allowed to register for modules where known timetable clashes exist. If a
timetable clash is identified after registration, the student will have to deregister the “higher
level” module in favour of the “lower level” module.

b) Students who repeat module(s) must attend all components of the module(s).

CHS 7 Readmission Following Suspension of Registration

A student who for two semesters or more has not undertaken clinical, expenential, fieldwork
andfor service leaming will be required to pass a test, or otherwise produce evidence of
sustained clinical competence in order to be readmitted to the programme.

CHS 8 Unacceptable Behaviour

a) All students who are required to attend healthcare and other facilities, both intemnal and
external to the college or University, shall comply with the codes of conduct, behaviour
and dress of the University and of the College.

b) Where a student has been found guilty of professional misconduct by the relevant
Statutory Body, and their registration cancelled by the Statutory Body, their University
registration will be cancelled. The student will have a right to be heard.

CHS 9 Impaired Practitioner

A student who, after due consideration and assessment by an ad hoc committee (appointed
by the College or School or Statutory/Professional Body) is deemed impaired and unable on
inter alia psychiatric grounds or grounds of substance abuse to continue histher studies, shall
have histher registration suspended or be refused readmission to the programme.

CHS10 Eligibility for Postgraduate Qualifications

Applicants shall be subject to selection based on the appropriateness of their academic
background, the strength of their previous academic record, the availability of University
resources and University obligations in terms of University or Government palicies.

CHS 11 Eligibility for Postgraduate Diplomas in the College
a) A candidate 15 eligible to apply for selection to register for the qualification of a
Postgraduate Diploma in the College provided that he or she holds
(i)  aBachelor of Medical Science, or
(i} a Bachelor of Science, or
(i} an MBChB, or
(v) a Bachelors qualification in one of the health professions from the University

b) Applicants shall be subject to selection based on the appropriateness of their academic
background, the strength of their previous academic record, the availability of University
resources and University obligations in terms of University or Government policies.
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CHS 12 Postgraduate Diploma module repeats and examinations
a) With the permission of the School, candidates who have failed a module shall be permitted
to repeat such module or, if the module in question is not a core module, to select an
alternative module to complete the Postgraduate Diploma.
b) A candidate who repeats a module shall repeat all parts of the module, including group

work and assignments.
¢) No module shall be repeated more than once.

CHS 13 Dissertation by Publication For Masters by Coursework

In addition fo rule CR13:

a) Adissertation may comprise one or more papers of which the student is the prime author,
published or in press or in manuscripts written in a paper format, in peer-reviewed
Jjoumnals on the SAPSE/SI list of journals, or in manuscripts written in paper format
accompanied by infroductory and concluding integrative matenial, one of which reports

original research.

b) Reviews and other types of papers in addition to onginal research paper/s may be

included, provided they are on the same topic.

CHS 14 Doctoral Degree by Research

a) A thesis may comprise three or more papers of which the student is the prime author,
published or in press or in manuscripts written in a paper format, in peer-reviewed
journals on the SAPSE/NSI list of journals, or in manuscripts written in paper format
accompanied by introductory and concluding integrative material, two of which reports

original research.

b) Reviews and other types of papers in addition to original research paper/s may be

included, provided they are on the same topic.

The following qualifications are offered in the College:

Cualificafion

Schooal

Diploma in Oral Health (2 year qualification){Only Pipeline
students )

School of Health Sciences

Bachelor of Audiology

School of Health Sciences

Bachelor of Communication Pathology (Audiclogy)(Fipeline
students)

School of Health Sciences

Bachelor of Speech Therapy

School of Health Sciences

Bachelor of Communication Pathology (Speech-Language
Pathology)(Fipeline students)

School of Health Sciences

Bachelor of Dental Therapy

School of Health Sciences

Bachelor of Medical Science (Anatomy)

School of Lab Meds and Medical
Sdences
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B UNIVERSITY OF
. KWAZULU-NATAL
e
RESEARCH OFFICE
HOWARD COLLEGE CAMPUS

E-Mail: bawa@uken.acza
el 27-31-2602273  Fax 27-31-260 2384

12 October 2007

Reference: 001/08/Animal

Prof. T. Govender

School of Pharmacy and Pharmacclogy
University of KwaZulu-Natal
WESTVILLE CAMPUS

Dear Prof. Govender
Renewal: Ethical Approval of Research Project using Animals

| have pleasure in informing you that the Animal Ethics Sub-commitiee of the
University Ethics Committee has granted ethical approval for 2008 an the following
project:

Permeation mechanismy via the Buccal Mucosa and histological effects: The effect of
model drugs and drug containing Polymeric Films.

Yours sincerely

' .

Iitfeelze

Professor Theresa HT Coetzer
Chairperson: Animal Ethics Sub-committee

Ce Registrar
Research Office
Head of School
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=8 UNIVERSITY OF
7% KWAZULU-NATAL
P

RESEARCH OFFICE
WESTVILLE CAMPUS

E-Mail: moodleyy@ukzn.ac.za
Tel: 27-31-2602273  Fax; 27-3]-260 2384

22 January 2009
Reference: 028/09/Animal

Mrs E Ojewole

Lecturer

School of Pharmacy & Pharmacology
University of KwaZulu-Natal
WESTVILLE

Dear Mrs Ojewole
Ethical Approval of Research Project using Animals

I have pleasure in informing you that on recommendation of the review panel, the
Animal Ethics Sub-committee of the University Ethics Committee has granted ethical
approval for 2009 on the following project:

“Investigating the potential of the buccal mucosal route for systemic delivery of
antiretroviral drugs: Permeability and Formulation Studies”.

Yours sincerely
S

(G wry

Professor Theresa HT Coetzer
Chairperson: Animal Ethics Sub-committee

Ce Registrar
Research Office
Head of School
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BB UNIVERSITY OF
7 KWAZULU-NATAL
e
RESEARCH OFFICE
WESTVILLE CAMPUS
E-Mail:

Tel. 27-31.260 2273 Fax: 27-3]-260 2384

4 November 2009

Reference: 029/10/Animal

Mrs E Ojewole

Lecturer

Department of Pharmacy
Block E2, Fleor 6, Room 606
University of KwaZulu-Natal
WESTVILLE CAMPUS

Dear Mrs Ojewole

Renewal: Ethical Approval of Research Project using Animals

| have pleasure in informing you that the Animal Ethics Sub-commiteee of the
University Ethics Committee has granted ethical approval for 2010 on the following
project:

“Investigating the potential of the buccal mucosal route for systemic delivery of
antiretroviral drugs: Permeability and Formulation Studies™,

Yourssincerely
ool’g!;{

Professor Theresa HT Coetzer
Chairperson: Animal Ethics Sub-committee

Ce Registrar
Research Office
Head of School
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2 UNIVERSITY OF
B KWAZULU-NATAL

.

. INYUVES|

N YAKWAZULU-NATALI
Research office
Animal Ethics Research Committee

Govan Mbeki Centre, Westville Campus,

University Rood, Chillern Ik, Westvile, 3629, South Afica
Telephone 27 |031) 260-2273/35 Fax (031)] 260.2384
Emot: moodievyBukzn.ag.za

21 December 2010

Reference: 25/11/Animal

Mrs E Ojewole
School of Pharmacy and Pharmacology

Medical Sciencas
University of KwaZulu-Natal
WESTVILLE CAMPUS

Dear Mrs Ojewole

Renewal: Ethical Approval of Research Projects on Animals

| have pleasure In informing you that the Animal Ethics Sub-committee of the University
Ethics Committee has granted ethical approval for 2011 on the following project,

“Investigating the potential of the buccal mucosal route for systematic delivery of
antiretroviral drugs: Permeability and Formulation Studies”

Yours sincerely

Professor Theresa HT Coetzer
Chairperson: Animal Ethics Sub-committee

Ce Registrar
Research Office
Supervisor (Prof. T Govender)
Head of School (Prof, WMU Daniels)

Founding Campuses:

1910 - 2010

Edgewood
Howord College
Medical Schoal

Petwrmer zbug

Wewvile
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UNIVERSITY OF

'é' KWAZULU-NATAL
i INYUVESI
. YAKWAZULU-NATALI

Research office
Animal Ethics Research Committee

Govan Mbeki Centre, Westvile Campus,

University Road, Chillem Hils. Weslvile, 3427, South Africa
Telephone 27 (031) 260-2273/35 Fax {031] 260-2334
Emai: moodievy@ukim.ac.za

21 November 2011

Reference: 07/12/Animal

Ms.. E. Ojewole
Department of Pharmacy

Block E2 Floor 6
Room 606
Westville Campus

Dear Ms. Ojewole
Renewal: Ethical Approval of Research Project on Animals

| have pleasure in informing you that on recommendation of the review panel, the Animal
Ethics Sub-committee of the University Research and Ethics Committee has granted ethical
approval for 2012 on the following project:

“Investigating the potential of the buccal mucosal route for systemic delivery of antiretroviral
drugs: Permeability and Formulation Studies.”

Yours sincerely

(i atyr

Prof. Theresa HT Coetzer (Chair)
ANIMAL RESEARCH ETHICS COMMITTEE

Ce Registrar, Prof. J. Meyerowitz
Research Office, Mr Nelson Moodley
Head of School, Prof. F. Oosthuizen
Supervisor, Prof, T. Gavender
BRU, Dr. 8D Singh

Founding Campuses:

1910 - 2010

m Edgewnod
m Howord Colloge
Medical School
— pjglarmaritzbog
_— Neshvile
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UNIVERSITY OF
KWAZULU-NATAL

] INYUVES|
v YAKWAZULU-NATALI
Research Office

Animal Ethics Research Committee
Gevan Moeki Centre, Wesivile Campus,

University Road. Chitern Hils, Westville, 3629, South Alica
Telephone 27 (031 260.2273/35 Fex (031) 240-2384
Emoil: gnimaethics@ukan.oc.20

14 December 2012
Reference: 039/13/Animal

Ms E Ojewcle

Discipline of Pharmaceutical
Sciences

School of Health Sciences

WESTVILLE Campus

Dear Ms Ojewole

RENEWAL: Ethical Approval of Research Projects on Animals

| have pleasure in informing you that the Animal Ethics Sub-committee of the University
Ethics Committee has granted ethical approval for 2013 on the following project

“Investigating the potential of the buccal mucosal route for systemic delivery of
antiretroviral drugs: Permeability and Formulation Studies.”

Yours sincerely

@Jr

Professor Theresa HT Coetzer
Chairperson: Animal Ethics Sub-committee

Ce Registrar - Prof. J Meyerowitz
Research Office — Dr N Singh
Supervisor — Prof, T Govender
Head of School ~ Prof, S Essack
BRU - Dr S Singh

Founding Compuses:

mm Fdgewoad
Howere Cotlage
Meadical School

m— Fiatermaritzbueg

— Wostlle

1910 - 2010
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k{ UNIVERSITY OF ™
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23 December 2013
Reference: 043/14/Animal

Ms E Ojewole

Discipline of Pharmaceutical Sclences
Schoadl of Haalth Sciences

Room 606 - Floor 6

Black £2

WESTVILLE Campus

Dear Ms Ojewole

RENEWAL: Ethical Approval of Research Projects on Animals

| have pleasure in informing you that the Animal Research Ethics Committee has granted ethical
approval for 2014 on the following project:

“Investigating the potential of the buccal mucosal route for systemic delivery of
antiretroviral drugs: Permeability and Formulation Studies.”

Yours sincerely

(G

Professor Theresa HT Coetzer
Chairperson: Animal Research Ethics Committee

Cc Registrar - Prof. J Meyerowitz
Research Office — Dr N Singh
Supervisor — Prof. T Govender
Head of School — Prof. S Essack
BRU ~ Dr S Singh

Animal Ethics Committee
Professor Theresa HT Coetzer (Chair)
Postal Address: Room 105, Jehn Baws Bulding. Private Sag X01, Pistermantzbiueg, 3201, Scuth Afico
Telophone: +27 [0]33 240 5463/35 FacsimBe: +27 (G133 240 5105 Emol: animalethics@ukan oo 20 Website: www.ukinoc 1a
fewnding Camp - Eag 171 Colege Mudical School - e '] e

INSPIRING GREATNESS
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Review article

Exploring the use of novel drug delivery systems for antiretroviral drugs

Elizabeth Ojewole *, Irene Mackraj®, Panjasaram Naidoo *, Thirumala Govender **
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patients with HIVIAIDS. This pager provides a comprehensive review of the varsoes ARY delivery systems
that Tuve been developed for achleving sustained drug release kinetics, specifically targeting drugs to the
marraphages. bran and gastric mucosa, and (or atdressing formutition difficaliies such a5 poor solubil-
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HIVIADS ie.
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"
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Targeting

and the @ vitolin vivo performances of various syssems ssch as sustamed release tabdets, ceramic
smplants, nanoparncles, nanocontaimers, lip P P
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migation are alvo identified This seview bighlghts the sgificant potential that nowel drug delivery
systems have for the future effective treatment of HIVIAIDS patients an ARV érug therapy.
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1, Introduction to HIV/AIDS

Human Immanodeficiency virus (HIV) infecton and acquired
immune deficiency syndrome (AIDS), commenly refecced to as
HIV/AIDS, constitute one of the most srisus infectious disease
challenges to public health glabally, and has had a crippling effect
in certain parts of the world especially in Sub-Saharan Africa {1-3].
There are currently 33.2 milllon people living with HIV)AIDS glob-
ally. Of this total number, an overwhelming 22.5 million people are
HIV positive In Sub-Saharan Afnca specifically, representing 67.8%
af the glohal number (3] Interventions such as AIDS counsellig,
educational tools and antiretroviral diug therapy have contribured
to mransforming HIV infection from 3 fatal to a manag=abile chranic
infectinus discase [4]. Despite the availabitity of these measures,
the above statastics Indicate that much remains to be accomplished
s the number of newly reported HIV infections still remains unac-
ceptably hagh.

There are currently two known species of HIV, viz, HIV-1 and
HIV-2, with their respective subspecies, HIV-1 is the globally com-
mon infectivn while HIV-2 Is more prevalent in West Afca, and
rakes & longer time to develap into immunedeficiency from infec-
tion than HIV-1 [56]. HIV infection in the human body results
mainly from integration of the viral gesome into the host ceil foe

Carresposding asthar. Schead af ¥ y snd M ersity of
waZule-Nofal Fivate bay X34001. Duthian 4000, KwaZulu Nats, Soreh Mrica
Tel: +27 31 260 7358, fax: 27 31 260 3752,
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B 13001 6/ 2 ph 2008.06 0240
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the purpose af cell replication, and AIDS 15 the advanced stage of
the disease caused by HIV infection: The virus infects the host cell
by binding the viral gp120 protein (o two transmembrans Tecep-
tors, Le, CD4+ and either of the two chemokine receptors, CCRS
and CXCRA | 7], HIV infects macrophiages and T-helper iymphocytes
(CD4+) but the defining feature of AIDS is the depletion of (D4+
cedls. T-trepic viruses prefer to replicate in T cells. while M-tropic
vituses prefer the macrophage. OF the HIV-1 viruses, M-tropic
types predomunate in the brain |8}

The viral genome contains three structural genes - gag, pol and
eny - and six regulatory genes « tat, rev, maf. vif; vpr and vou [5),
The virus utilizes some of these genes to maxinuse its production
using host cell resources. DNA microdrray studies have implicated
HIV encoded Nef protein in this process (9], and bumans infected
with the nef-deleted form of HIV have remained disease free for
several years [10] interestingly. HIV bas heen referred to as a
“master regulator” of celluiar gene expression |9] as-a means to
sugment expression of its own genome, An understanding of these
precesses Is crifical to developing novel therapeutic strategies for
the suppression oc elimination of the virus

The immuaopathogenesis of HIV/AIDS has been previausly am-
ply documented: froe the time of Infection to the end stage of the
disease |5), The end stage of the dissase may be characterised by 3
spectrum of diseases [11] including opportunistic infections (such
A5 Pruemocystis corinil and Mycobecteniim fubercufosis), dementia
and cancer |6.11]. In addition to macrophages. lymph nodes, bone
marrow, spleen and lungs, the CNS represents one of the mast
important anatomacal sites of the virus after infection. This causes
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significant neuronal damage and loss that often leads ta HIV asso-
ciated dementia [12]. Without treatment, HIV-1 infection is nearly
uniformly fatal within 5-10 years [11).

2. HIVIAIDS drug therapy and its current Hmitations

Altheugh the developoent of drugs for HIV infection has under-
gone substantial progress, numeraus uncertainties persist about
the best way 1o manage this disease. Repores acdressing this aspect
have appeared in the literarure [ 131 At present, the different ARYs
are classified under ategories such as nucleoside reverse trans-
criptase inhibitors {NRTIL nucleotsde reverse transcripease inhibi-
tors (NtRTIL  pon-nicieoside  reverse transcriptase inhibitors
{NNRTI}, protease inhibators (P1), and more recently fusion and
integrase inhibitors (141 Table 1 [15-19] lists the various drugs
under the different classes, the available dosage forms as well as
their half-lives and bioavailabilities. These drugs are admmistered
45 combined therapy as in the case of highly active antiretrovizal
muapvy (HAART] [20]. Amang the newer classes of drugs under

gation are the v and budding mhibitors {21] as well
45 the zine finger inhibitoes [21) Virus assembly and disassembly
are particularly attractive candidate processes for antiviral (ncee-
vention. HIV-1 capsid (CA} protein and human cyclophilin A (CypA}
play important 1oles in these prooesses, which consequently make
them attractive targets of high priarity |23]

Although ARV diug therapy bas contributed significantly to im-
proved patientidisease management, Its current use is assuciated
with several dissdvantages and inconveniences to the HIVJAIDS

aned Wp! 3 70 (2008) R87-710
elimipating HIV from these reservoirs, and the development of
muiridrug-resistance against the ARVs [26] The severe side effects
assaciated with ARV therapy can therefore be attributed (o the
subsequent lasge doses essential for achieving a therapeutic effect.
due to Me inadequate drug concentrations ac the site of action,
andjor the peor bisavallability of several ARY drugs. These drugs
also suffer from physico-chemical problems such as poor solubiiity
that may lead to formulation difficuities |27.28). Strategies cur-
rently being Investigated 1o overcome these limiations indude
the identificarion of new and chemical modification of existing
chiemical entities, the examinatico of various dosing regimens, as
well as the design and development of novel drug delrvery systems
INODS] thar can Improve the eflicacy of both existing and new ARV
drugs. More spacfically. i the past decade there has boen an
explosion of | in the development of NDDS far the incorpo-
Tation of ARV drugs as.a way of circ g the probl de-
stribed above and opeimising the treatment of HIV/AIDS patients,
To the best of our knowledge, the last review paper on NODS for
ARV drugs appeared in 1993 |28]. There have since been significant
advancements of the systems described in that paper, and further
new NDDS for ARV drugs have since emerged in the ll:eramm The
purpose of this paper is thereflore to pi Kl e re-
view of the vanous NBDS. including sludnu an ahem-mvo foutes
of administration that have emerged for ARV drugs. This will iden-
tify the progress that lias been achieved both for the technological
development of these delivery systems, and their clinical potential
for overcoming the limatatians associated with current ARV ther-
Apy. This review will alse enable the identification of future studies
that to be undertaken for its optunisation and uitimately is

patiept. Many ARV drugs uadergo ive first pass metaboll
and gastrointestinal degradation leading to low and erratic bio-
availability. The half-life for several ARV drugs is short, which then
o frequent ad ration of doses leading to decredsed pa-
tient compliance | 24|, A major limitation is that HIV is localised in
certan maccessible compartments of the body such as the ONS, the
lymphatic system and within the macrophages. These sites cannce
be accessed by the majority of drugs in the therapeutic concentra-
tions requered: and the drugs also cannot be maintained for the
necessary duration at the site of HIV localisation |25). These sub-
therapeutic drug concentrations and shart residence time ar the re-
quared sites of action contribute significantly Lo both the failure of

commercialisation.
1. Novel drug delivery systems for ARV drugs
e coated maisix rablets

3.7, 50 d releasebiondhesive/s

Sustained drug delivery systems are designed to achieve a con-
rinuous delivery of drugs at predictable and reproducible kinetics
aver an extended period of time in the circulation. The potential
advantages of this concept include minimisation of dneg retated
side effects due to controlled thesapeutic blood levels nstead of
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oscillatiog blood levels, i d patient compliance due (o e
duced frequency of dasing and the reductson of the total dose of
drug administered [29,30], Bioadhesive drug defivery systems are
dcumd for proloiged retention on the mwicosa to facilitate drug
aver a prok d period of time by interacting with mu-
can |n| Hence. d*cnmblnanon of borh sustained release and hio-
adhesive properties m a delivery system woold further enhance
therapeutic efficacy. ARV such as didanosine {ddl) would be 2n
ideal candidate for sustalned drug release due to its short halt-life
of 1.3~ 1.6 b, necessitating frequent administration of doses, as well
as its severe dose dependent side effects |24, In an attempt to im-
prove the oral absorpticn of édl by delivering it over a prolonged
period of time s well as prolonging rétention on the mucosae, Bet-
agerietal [32] prepared a d release Dloadhesive tablet for
mulation of ddl. containing Polyox WSRN.203, Carbopal 974P-NF
and Methocel K4M as polymeric matrix matenials. Hydroge! foom-
ing tablet formulations with 10% and 30% Polyox WSRN-303 were
able to extend the release of ddi (Fig. 1), while 30% Methocel K4M
was required for extending the drug release in ather formulations,
Preparations with Carbopo! 9341 prevented complete releass of
adi from the tables during the test period, and the authors attrib-
uted this to dnig-polymer interactions. The bicadhesivity also in-
creased wath an increase In polymer concentration. These
researchers concluded that a single polymer could be used for
the preparation of hydrogel matrix ddl tablees designed to provide
both sustained release and bioaghesivity. However, while a single
polymes may provide both b stvity and sustained druy re-
bease, it has since becomne well recognised in the lterature, via var-
ious in wvitru drag release and  Divadhesivity tests during
formulation studses, that simultaneous oprimisation of both these
properties may nequire the blending of polymers [33-35|
for both single and mudtiple wmt systems. These systems remain
10 be investigated for their clinical applicability.
ddt coptrolled release matrix tablets conraining methacrylic
(Eudragit RSPM] and ethylceliulose (Ethocel 100) pelvmers have
alse been prepared by Sanchez-Lafueate ef al [36), The odl
500 my tablets (5, 10 oe 15%w/w) were prepared by direct com-
pression, and comprised Eudragn® RSPM and Erbocel” 100 in

varying ratios (7525, 50/50 and 25/75 w/wl The physical char-
acteristics in terms of weight, thackness and diameter confirmed
the excellent compactibility properties of these polymers with
ddl. which allowed for direct comp In the ab uf
eeher excipsents. The drug release studies showsd that vatying
polymer ratios could modislate rthe release of ddl as 2 result of
the swelling peoperties of Zudragit* RSPM and plastic properties
of the hydrophobic Ethocel” 100 Since these two polymers
showed p ial for dularing drug reease, the subsequent
study by this group focused on the use of a statistical experi-
mental design for formulation optimisation as well as for identi-
fying aml guantifying the effects of formulation variables on
divg release. Therefore, a Doehlert design was applisd to evalu-
ate the Influence of variables and possible Inferactions among
such variables on ddi release from the directty compressed ma-
friX rabiets based on the blends of the two insoluble palymess.
Endragit” RSPM and Ethocel® 100 [37) The drug content and
the polymers had the most significant effect an drug release,
while the compeession force had no sgnificant effect. The opti-
mum formulation conditicas identified I the studied experi-
mental design for 3 formulativn with optimum  drug release
were Eudtagis-Ethocel ratlo of 8317 (wiw) and a drug content
of 13%w/w, The experimental values obitained from the opti-
mised farmulation highly sgreed with the predicted values,
thereby validating the mathematical model used in the prepara-
tion of ddl tablets,

ddl alse undergoes acid degradation in the gastric medium [I8]
An enteric coated matrix tablet formulation that combines sus-
tained drug release, bioadhesivity apd an enters toating to resist
acd degradation to maximise therapeatic efficacy has also been re-
ported. Deshmukh ot 21, |39] reported the preparation of enteric
conted, sustained release bicadhesive matrix tablets of ddi com-
PAsINgG Polyox. WSRN-303 and Methocel K4M with hydroxypro-
pylmethylceltulase phrhatate (HPMCP 5.5) The formalation was
shown to be resistant to dissolugion in 0.1 N HCL bue dissalved
within 10 men in PBS. pH 2.4 Furthermore, the stability of the foc-
mulation for 6 manths at varying storage conditions was con-
frmed. Permeation studies on the matrix cablets shawed that
Polyox WSRN-303 containing tablots demonstrated Iuglwrddl per-
meability across live intestinal tssue pared with ¢
tablets

While the abave tablets sought 1o provide sustained drug re-
lease, bioadhesion and resistance to gastric acd degraddtion, a
possible limitation could be the fact that it wauld stil undergo
ive frst pass degradation since it is meant for osal
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Fig 1. Efect uf Pubpex WSHN-30T om the releass of éd) fram fabiels (repesthaced
from Betagesd et al 52}

administeation.
3.2 Ceramic rmplants

Aftenipes have been made in the literature to explore the use of
ceramic implangs 1 modulate the release of antisetrovical drugs.
Due to the adverse effects of AZT associated with oral and inrraye-
nous administration. Banghuzzi et al. |40] in carly in viva studses
Investigated the celease of decxvnucheoside thymédine, the normal
counterpart of azidothymidine {AZT), by means of alumino-cal-
cium-phosphorous oxide [ALCAP} ceramic implantable capsules
in rats. The results shawod that thymidine could be released from
the ALCAP i lesina ¢m for a mini
dnrmon ol 120 days, Based on the results wltn mymbdme they

concluded that these jmpl s could be
wmldzn:d l‘c\r the delvery of AZT. Consequently, in 3 follow-up
study |41}, AZT was foaded into ticalclum phosphate (TCP) and
ALCAR coramic capsules, They showed that the rate of releass of
AZT fram TCP capsules was lower than from ALCAR capsules. Fig.
2 coafirms the sustained redease of AZT from TCP ceramic capsules
aver 26 days when loaded with 20, 40 and 60 mg AZT.
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To further control release, Nagy and Bajpai [42] extended thas in
vitro study by preparing a TCP ceramic delivery system contaimng
chymidine and AZT by determining the effect of sesame seed ol o
wheat germ oll on their redease. Ceramic capsules were prepared
by pressing 1 gram of <38 jim beta-TC? particles with ar withaut
the stipulated quantity of thymidine or AZT in a 10 mm die at a
load of 4000 1bs in an electric hydrautic press: They found thas ses-
ame seed ol and wheat germ oll (Vitamin E) could delay the re-
lease of thymdine and AZT from TCP diug losded capsules.
Farther, Incorparation of thymidine or AZT in the form of a com-
pressed peller also retarded Its release from the TCP cecamic cap-
sules prepared with ol treated ceramic particles. The abowve
studies were extended to an (m vivo study later [43). Theee ceramic
devices were implanted subcutaneously in Sprague-Dawley rars
for 2 weeks The In vivo studies showed that oil saturated TCP
and AZT devices as well as the AZT pellet insested in an ol satu-
rated TCP shell dévice were able to retard AZT release ac a signifi-
cantly bower rate than the AZT and TCP untreated devices. These
authors concluded thar the treatment of ceramic devices with odl
decreased the release rate and prolonged the delivery of AZT. The
Inglusion of wheat germ into another ceramic device, hydroxyapa-
tite (HA) composite. was also able to deliver AZT for prodonged
periods in vitro [44),

A subsequent (m vivo study by Benghuzzi (45] compared the
refease of AZT from two commonly studied ceramic implants. i.e..
TCP and HA Sterilised crug loaded ceramics containing AZT in
three dasages (40, 60 and 90 mg) were inserted under the skin of
rats using standard surgscal techniques. The data froen this study
showed that AZT release rates from TCP ceramic implants
(30mg~238+023ngml. 60 mg~ 464 =103 ng/ml and
90 mg = 11,92 4 2,35 ag/ml secum AZT) were significantly higher
than from MA ceramic implants (30 mg = 0.84 £ 005 ng/ml,
GOmg=2402 083 ngmk and 50 mg =641 £1.24 ngiml sevum
AZT). The authors concluded that TCP and HA ceramic implants
could be considered effecnve for delivering AZT in guantities
required for providing physological responses & vivo. The sus-
tained drug release profiles cbtained indicated that large fluctua-

tons of AZI' concentrations in the biood stream and tissues, as
with comventional routes of administratior. could be eliminated
using cesamic drug defivery systems,

While ceramic implants were sctively studied berween 1990
and 2000, theve appears ta he no further worl since reported for
ARV containing ceramic implants.

1.3, Liposomes

Liposames. ranging in size between 25 nm and several microns,
are mucroscopic wesicles that comptise one or meve phaspholipid
bilayers which surround an agueous core. They are prepared from
natural or synthetic phoaspholipids and chalesterol, and may also
add:tionally Inclucle other lipids and proteins, The aqueous core
facilitates the entrapment of nydrophilic drugs, while hydrophabic
drugs are bound to or incorporsted In the lipid bilayer. When
administered. Lposomes are recognised as being foreign, and are
immediately taken up by cells of the mobonuclear phagacytic sys-
tem (MPS). Since the HIV virus locallses in these cells. ipasomes
therefore represent a suitable drug delivery system for targeting
ARVs into infected cells: and thus have the potential of improving
the efficacy of drugs and reducing side effects |46-48].

The effect of liposaomal encapsulation of AZT (0 mice was
dekermmed in early ﬂudm 148, 50! Unlike injections of free AZT.

1 encap | AZT showed 1o bone marrow toxicity with
nomax erythrocyte and leukocyte profiles, Also, enhanced localisa-
tion i the Hver, spleen and lung was found with the AZT
liposomes. Lipasomal encapsulated AZT further reduced haemato-
poletic toxicity and resulted in enhanced antiretroviral activity in
mice, Liposamal formulations have also been peepared lor admin-
istzation of AZT by che transdermal rowte [51]. The aptimized Hpo-
somal formulation showed 3 transdermal flux of 98.8 £ 5.8 pglom®
acrass rat skin as compared 1o 5.72 4 0.4 pglemy? for the free drug,
and this should contribute 10 an improved baoavailability, These
liposomes for the transdermal route were alse able ta target the
RES ocgans more effectively.

Liposames contalning ddi were initially studied by Harvie ot al
[52]. They found that the elimination plasma half-life of 112 and
83 nm Nposoenal ddi was 46 and 14 times higher than that of the
free drug. respectively. They also reported efficient targeting of
Iymph nodes and macrophage-tich tissue with these conventional
liposomes In 4 subsequent study, they were able to extend further
the ddi half-fife in plasaa freen 1.9 h for conventional liposomes to
14.5 h by mcorpocating it into sterically stabilised liposomes. Fol-
lowing intravenous injection. the majority of the sterically stabi-
lised liposomes also concentrated (n the spieen with & peak level
at 24 h (Fig 3)|53)

Agart from AZT and dell, zalcitabine (ddC) has aiso been inves-
tigated for enc. ! nto 1 by Makabi-Panzu et al,
(34,55, The AC Ipaded hpnwmes were more (apidly taken up
by the mnause macrophage cell Lire than the free ddc. They alsa re-
ported that a high intracetlular uptake of ddC was facilitated by the
anienic nature of lipesumes. To be pharmacologically active, dide-
oxynucleosides such as ddC must be phosphoeylated into 5'-tri-
phosphates by cellular kinases. Since soeme u-!t types have & low
ability to phosphorylate these comp ion of the
phusphurylatedd form of the drug would be most suitable. However,
this would not be fedsible as cll membranes are impermeable 1o
the phosphorylated form, and phosphatases present in body Nulds
hydrolyse nucleotides into the corresponding nucleasides [56] To
avercome this limitation and to obtain site specific delivery, the
antiviral effects of daC and ddCanpbasphate [ddC-TP) and lipo-
same encapsulated ddCTP {LddCTP)) were established and com-
pared in cultueed, human monocyte mactophages infected with
HIV-1|57L ddCTP was dephasphorylated before entering the cells,
while L{ddCTT} remasned stable over days These preparations
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the means chtained for fowr to siv ankmals per group per tme paim {repradiced
fromn Harvse o1 ol |53);,

were 3150 abie 1o inhibit replication at nanomolar deug levels. Data
obtained from lipasome encapsulated ddCTF in & murine acquired
unmunodeficiency syndrme (MAIDS) model have alsa showed re-
duced proviral DNA in colls of the MPS in both spleen and bane
marrow [58].

Liposomes have alsa been explored for the encapsulation and
detivery of newly synthesized prodiugs. Lalanne et al, [59] synthe-
sized two novel glycerolipidic ddl conjugates as prodrugs to avoid
hepatic first pass metabolisn. Liposomal formulations (1160 + nm)
of the prodrugs displayed antiviral activity and showed pramise as
formulations for enhancng drug bicavadlability. Dus to the low
entrapment efficlency and high leakage of AZT from liposomes
[48), AZT-myristate [AZT-M) has been synthesized as a prodrug
and investigated for its potential for liposomal encapsuiation, A
tigh entrapment efliciency of 98% was achieved with higher plas-
ma AZT being achleved with the AZT-M liposaimes as compared ta
free AZT sclution, Higher tancentiations of AZT in organs of the
RES and beain were alsa found with the liposamal preparation This
study could have been enhanced if AZT-M liposome preparations
were compared not only with free AZT, but also with AZT en-
trapped lip Procinug lip | preparations therefore offer
the oppartunity of not only more effcient targeting but also Im-
proved drug action and formulation processing.

In additien te liposomes having PEG chains attached to its sur-
face. fur increasing clirculanon time i vivo [6061), acttve targeting
of HIV infected cells can aiso be ohtained by using liposomes that
have surface artached ligands that specifically prosmote receptar
interaction at the sice of targeting |47] as well, Using the amiibody,
H-2-X(k}, for Fo-mediated targeting, Betageri and Burrell [62)
showed that the lipid composinan of ddi-triphesphate lpaspimes
influenced conyugation of antibodies and aiso ivn of the

ol

Taldhe 2
Area under O curve for free aod inenuschipawmal nRnavn in Gssees alter & wngle
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encapsulated drug. Sterically stabilised immunolip 1
ing grafted anti-HLA-DR antibodies were elfective in enbancing the
concentrations of Indinavir [INV) m all tissues keading ta 2 21- ta
126-fold increased arcumulation as compared to the unencapsa-
lated drug (Table 2) [63) Also, immurolipasomal INV was as effi-
cien: a5 the free agent to inhshit HIV-T replication in cultured
cells. Lectin recepeors, which act as molecular targets for sugar
molecules, are found an the surface of cells of the mononuclear
marophage system (MPS, and have 2150 been included in the
strategy (o imprave site Specific drug dedivery. Using a mannase
binding peotei o A, i cellular deug uptake
occurrad when mannuosylated liposomes cantaining stavudine
(04T} were used |64]. Other sugar molecules used far fiposomal
formulations to target cells of the MPS incude galactosylated
4T and AZT liposomes [65,66) Togethes, these studies confirmed
enhanced targering 1o tissues noh in galactose specific receptocs,
end confirmed their potential of providing sustained drug release
¢haracteristics. Slepushiin ot al |67] have also reparted that syn-
thetic pepaides can bind specifically to HIV infected cells. The Po-
tential of various Hgands for active targeting of ARV loaded
Jiposomes has therefore been confirmed, and shows potential for
farmulation optimisation

In addition to targeting liposomes 1o the phagocytic system,
oeher areas in the body have also been of interest Kompella ot
al, [68) evaluated the effect of neutral liposames on comeal and
conpuncoval permeabidity of dél, While the liposomnsal formulations
wetre able ta encapsulate ddd and permeate through the rabbit con-
Junctival mucosa, the permeability cosfficient, inistal flux and ts-
sue Jevels of ddl at the end of the transpart study were actually
fawes in the presence of lipesomal formulations. These reutral lip-
osomes failed Lo enhance the cotneal or conjunctival transport or
uptake of &It

One of the dissdvantages of lipasomes is the poor. stability in
terms of dnug retention and poor encapsulation. When avsessing
the stability of ARV Incorporared into lipasomes. Betageri |69)
fourd thar Lipid campasition influenced encapsidation and reten-
tian of ddi-triphosphate {dlTPy and that its retention m the
DMPC:CHOL liposomes was maximum when stared at 4 °C.

A novel lipesamal formudation Le., “emulsomes” for sustaned
and targeted delivery of AZT o the liver has recently been de-
scribied by Vyas et al. [25], Emulsomes are a novel lipoidal vesicular
system with an internal salid fat core surrounded by a phospho-
lipid bilayer. In additicn to demonstrating a retarded drug release
profile { 12-15% after 24 k), studies (n rats showed bester uptake of
the emulsomal formulations by the Hver colis, We agree with the
researchers that this proposed cationsc emulsome-based systemn
shows excellent potential for intraceliular hepatic targeting.

LIposames have cleardy been more extensively investigated for
their im vitro and (r vivo properties than other NDDS for ARV deliv-
ery. A greater number of drugs and prodrugs have been encapsu-
lared. and additional formulation optimisation techaiques and i
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vivo evaluanons have been undertaken These studses highlight
and underscore the potential benefits of Hiposomes foc improving
ARV drug therapy.

24. Nanoparticles

Drug encapsulated nanoparticles are solid colloidal particles
that range from 10 to 1000 nm |n size (70} Based on their size
ard polymeric composition, they are able (o target drug 1o speci-
fied sites in the body. and have also shawn potensial for sustalned
dmg dolmry {71]. Nanoparticles have siso been explored for

g the § lation and efficacy of drugs with physico-
memknl moblems such as poor solubility and stability [72], They
are being increasingly Investigated for targeted delivery of ARVs to
HIV infected cells and to achleve sustained drug release kinetics,
Thesr encapsulation inta such systems may pravide improved «ffi-
cacy, decreased drug resistance. the reduction in dosage, a decrease
in systemic taxicity and side effects, and an improvement m pa-
tient compliance.

Cells af the lear phagocytic sy (MPS), such as the
menccytes/macraphages (Mo/Mac), &t as a reservoir for the HIV
virus |73). Therefore, drug treatment of HIV Infection should in-
volve targeting drugs to these cells in additon to the lymphocyres,
Several studies involving ARV loaded nanoparticles for targeting to
the macrophages have consequently emerged. in an eardy preli-
minary study, Schafer et al. [74] prepared AZT leaded polyaikylcy-
anoacrylate (PACA), polymethylmethacrylate (PMMA) and human
serum albumin [HSA) nanoparticles, This study confirmed uptake
of the pancparticles into macrophages isotated from BIV infected
patlents, The same group also later prepared and confirmed the po-
tential of human serum albumin amsd poly hexylcyanoacrylate)
nanoparticles loaded with the nucleoside analogues, AZT and ddC
far the targering of macrophages. These in virro studies were also
undertaken using macrophages isolated from the peripheral hlood
of healthy blood docars and ransmussson electron microscopy
[75]. Saquinavir (SQN) and déC have also heen loaded nte
poly{bexylcyanoacrylate) nanoparticles |76] by emulsion palymer-
ization. While dC shawed no supernority (o an agueous salutian of
the drug in tenns of reducing the HIV-1 anngen production, a sig-

cally for ARV delivery. Most recently, the uptake of AZT loaded
poly|lactic acid)-paly(cthylene giycol) nanoparticles by pelymor-
phonuclear leukocytes i vire was shown 10 be dependent on
PEG and Its ratio in the polymer [81]

Since the HIV virus can migeate to, multiply and localise in the
CNS causing several newralogical disorders, targeting of ARV drugs
o the brain has become a signaficans goal for divg therapy. The
bloed-traln harrier (BBB) prevents access of ARV 1o the brain
due to the nghr endochelial cell junctions of the brain captlanes
and the of efflux porters o the cell surface [81].
Nanoparticulate systems pramote érug delivery i the braln, since
they may gain entry by means of endocytasis/phagucytesis and aro
also moved away from the vicinity of efflux pumps [82,83], Kuo
{54 therefore loaded DAT into polybutylcyanoacrylate (PBCA)
and hylmethacrylate-sulfopropyimethacrytate  (MMA-SPM)
nanoparticles far brain targeting. Drug nading of the nanoparticies
(59.5-149.2 nm] was inversely proportional to particle size, and
was also affected by leeze-drying and preservation as it (nfluenced
particle size. Similar to other studies [85], they also found pH to be
criticol since variation i pH value of the loading medium from pH
T2 led to & reduction in the loading efficiency of DT, Kuo and
Chen [86] then evaluated the effects of size of PBCA and MMA-
S5PM nanoparticles and alcohol on the permealylity of AZT and lam-
vadine (3TC) across the BEB using blood-brain-microvascular
endothelial cells modei (BMEC). Both loading efficency and per-
meshility of AZT and 37C decreased with an increase in the particle
stze of the two polvmernic carmers. While PBCA nanoparticles -
creased the BBA permeabifity of AZT and 31C 8- to 20- and 10-
0 18-folds, respectively, the MMA-SPM naauparticles led to a
significant 100% increase in the B8B permeability of both drugs,
A 4-12% enhancement in the BEE permeability of the two drugs
with 0.5% ethanol was atnibuted to tempaorary unfolding of tight
Junctians among BMECs upon treacment with alcobol. In a subse.
quent paper, these authnts compared the transport of DT, delavis-
idine (DLV) and SOV across ihe in vitro BBB wsing (PRCAJ, (MMA-
SPM) and also solid lipid nanoparticles (SINs) [83]. These various
polymenic systems ipvestigated enhanced permeability of the
drugs with higher permeabilities being reparted with smaller par-
ticle sizes. In their most recent paper, Kuo and Kuo [87] showed

nificansly higher efficacy was chseryved for SQN loaded Parti-
cles as compared to its aqueous solution. An in vive study (n rats
o investigate the aral delivery of AZT bound 10 hexykyanoacrylate
nanoparticles for delivery to the reticuloendathelial cells was
undertaken by Lobenberg Araujo, and Kreuter [77]. The area under
the curve (ALC) of [14C] AZT in the liver was 30% higher when the
drug was bound to tickss than after adm| of the
solutson. Higher AZT levels were slso found in the blood and brain

rhat exp (o an el I field (EMF) could further en.
hance drug permeability across the BEB. The patential of SUNs for
targeted brain delivery of another ARV, atazanavir, has also re-
cently been confirmed [85)

More recently. a novel approach was propased by Dou et al.
[B9.90] They postulated that the mononudear phagocytes, as the
princpal reservoir for viral dissemination, could also serve as 2
ransparter of antiretroviral drugs themseiwes, since they are

when nanoparticles were used as compared to the contro! sal

In an in vivo stiady a year later using the Intravenous route instead,
they showed that AZT concentrations were up to 18 times higher in
argans of the RES If the drug was bound to nanopartiches as cam-
pared to unbound AZT | 78] Surface modification of nanoparticu-
Tate systems with ivydrvphlhc Broups wrh as polye(hylme gyl
has been shown to infl the b of panoparticies
[79] Using THP-1 human mosccyte/macrophage (MafMac) cell
line, Shafi and Amij [80] showed that 4 significantly higher per-
centage of the admimstered dose of nanoparticles was internalized
within the cells when SQN was incorpocated (nto po&ycuaylene
oxsdermodified  poly  (epsilon-caprok )]

{200 nm ). Alsa, intracellular QN concentrations were nsmﬁunzly
higher when administered in the surface-modified naroparticles as
compared 7o its aqueous <olution. A possihle limiration of this
study Is that while aqueous solutions of SQN were comparad to
SQN PEC-modified nanoparticles, 3 comparative study with sur-
face-unmodified SON nanoparticles was not perfarred. This would
have provided greater msight te the cantribution of PEG specifi-

responsible for di ination of HIV, e, macrophages can enter
into tissues that limit enmy of many ARV drugs. In these two pa-
pers, they descnbe 3 macrophage-based nanoparticulate system
as & carnier atself For sndinavir {INVY A panoparticle indinavir
(NP-INV] formulation wis prepared and packaged into bone mar-
row-derived macraphages (BMMs], The effects of this drug carrier
on drug distnbution and disease outcomes were assessed in im-
mune competent and human immunodeficiency vitus type |
(HIV-1] Infected humanised immune-deficent mice [89). Signifi-
cant lung, hiver and spleen BMMS and drug distribution were ob-
served. This initial study alse reported 1edoced numbers of virus
infecred ceils in plasma, lymph nodes, spieen, liver and lung as well
as (D4 +) T-cofl protection wihen the NEIDV BMMs were adminis-
tered to HIV-1 challenged humanised mice. Later, a similar NP-INV
formulation was prepared with Lipoid EBD (90] They reportedd sus.
tained drug release from the macraphages, The administration of
NPINV, when compared to equal drug Jevels of free saluble 1NV,
also signsficantly blacked induction of multinucieated giant cells,
production of reverse transcoptase activicy in culture fluids and
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cell assonated HIV-Ip24 antigens after HIV-1 infection. Thes study
praved that the use of a macrophage-based NP dellvery system has
patential for the treatment of HIV-1 infections.

The use of ligands on nanopartices fos teceptor-mediated tar-
geting has just been reported in the Literarure [91.92], Since mac-
rophages conlain  various receptors such as  mannosyl and
galactosyl, Jain et al {91] prepared mannusylated gelatine nano-
particles (MN-G-NP') (245-325 nm) {Fig. 4] with a drug encapsula-
tian of 40.2-48.5%. Via fluorescence and ex vivae studies using
alveolar macrophages from rats, they showed a 18,0 and 2.7 nmes
higher uptake by the macrophages from MN-G-NPs as compared (o
the free drug and uncoated G-NPs (Ag 5.

The use of nanoparticles for targeting other areas such as the
gastrolntestingl mucosa andl associated lymahoid tissues has alsa
been reported by Dembri et al, [93) As compared fo the drug solu-
tiom, AZT loaded isohexyleyanoacrylate nanoparticies were able to
efficiently concentrate AZT in the intestinal mucosa. They also
found that the nanaparticles were also able Lo vontrol the release
of free AZT.

Solid lipid nanoparticles (SUNs] are prepared from lipids that re-
main in a solld state at room and body temperature. Heiati et al,
[94) nitaally prepared SINs consisting of AZT-palmitate (AZT-P)
and trilaurin (TL) as the solid core with dipaimitoyipbasphatidyl-
choline (DPFC)L and a mixture of DPPC and dimyristeylphasphat-

Fig 4 Scaming electron mictugraph of dfl hoded mannsse coupled piain
oanogarcicies (30.0005 ) (reproduted from bea ot al [U1])

~0—Froe dnig
5 &= GNPs
=& MN-G-NPx

Pig 5 Drug uprabe Som 040 contasung manmwylited gelatm evsopdrmicies by
aheeolar mactapteges o differest fme: poies 4t 372 (rapesdoced from jain
eral [31])

1gylghycerol (DMPGL Their study concluded that the loading of
AZT-P was proportianal to the concentration of phospholipids con-
tent, and was independent of the of tilaurin used. Phos.
pholipids with transition temperatures below 37 °C increased
drug release. In a subsequent study, coating the SUNs with 3 PEG
Layer on its surface further increased the ievels of AZT in the blood,
since PEG creates a stenc barmer that reduces particle uptake,
thereby prolenging coculation [95) They also found that the
SLN-PEG nanoparticles were able to decrease the drug release rate
In plasma as compared to SLN particles without PEG. The studies
by this research group confinned that surface modification with
PEC could be used for controlling drug release and the pharmaco-
Kinetic behaviour of SLNs.

Whike the majority of studies have focused on Targered delivery
of ARVs with nanoparticles, some studies have also focused on
modifications to its preparation te enhance drug loading and de-
crease toxicity. and also to increase 115 absorptaon by facilitating
pH-sensitive deug release. Boudad et 2l [96] peepaced SQN loaded
pulylalkylcyanoacrylate) nanoparticles and showed that incorpo-
ration of cydodextrins enhanced the entrapment of SQN. Studies
on the Caco-2 ceil line showed that incarparation of cyclodextrins
with nanoparticles decreased cytotonicity when compared to hlank
arxl SQM [osded nanoparticles. The ability of cyclodextrins ta masi
1o some extent rhe ¢ytotoxic effects of the aliphatic alkcohols orig-
inating from the hydrolytx degradation of the polymers was pro-
posett as 2 pussible reason for this effect. The oral bioavailability
af & poorly water soluble HIVL1 protease Inhibitor (CGP 70726-
Nevartis) was alsa enhanced when incorparated inta pH sensitive
nanaparticles prepared fram poly inethacrylic acid-co-ethacrytate)
copolymer Eudragit 1100-55 [72)

The surge of interest in nanoparticulate systems for ARV ther-
apy has led 1o several drugs being studied for its incocparation
These i virrafin vivo studies clearty confirm rhe ability of nanupar
ticles to enhance the therapeutic efficacy of ARVs, as wedl as
addressing formulation preblems,

3.5 Nanocontainers

Dendrimer-based systems have also been explored for the con.
cept of ARV targeting. Dendrimers are characrenised as being syn-
thetic, highly branched. spherical manodispersed macrompiecules
Due to their unique archirecture and macromolecular charactens-
thes. they have emerged as an important class of drug carrier for
rargeced deflvery [97.98|. Hence, not surprisingly, they have just
been reported for targering of ARY drugs. Recently, Dutta et al,
[99] prepared polyi propydencimine) (PPI] demdrimer-based nano-
contaness for targeting of efavirenz (EFV) to Mo/Mac. Rfth gener-
ation PP dendrimer, r-Boc-lycine conpugated PP dendrimer (TPPI)
arxd mannose conjugated dendrimers (MPPI] were synthesized and
used 1o prepare “nanccomtainers”, Like 3 dendritic box, thess mal-
ecules act as ddosed cantainers of nanoscopic size containing the
entrapped drug and are therelore called napocontainers. The drug
entrapment efficiency of the naoocontainers varied, with the man-
nose conpugated dendrimer being 47 4%, followed by that of the P21
dendrimer [32.15%) and -Poc-glyome conjugated dendrimer
(23,1%) While the PPI dendsimes released the drug by 24 h. the
dendrimer-based nanccontainers of r-Boc glycine and mannose
conjugared dendrimers prolonged the release rate up to 144 b,
The authors found signdicant increase m cellular uptake of EFV
by Ma(Mac with nanocontainers of the mannase conjugated den-
drimer heing 12 times higher than that of free drug and 5.5 times
higher than those of 1-8oc-glycine conyugated dendrimer. Further,
F71 showed a very high toxicity an HEPG2 celts while TPPI and
MEPE had negligible toxicity (Fig. 6), These differences were attrib-
uted to the free terminal amine groups in PP which is masked in
MPPl and TPPL Thas study therefoce showed that mannosylated
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ey of

PPl denddrimers cousd be an effective carrier syszem for rargered
delivery of EFV and possibly other ARV

3.6, Micefles and microemnulsions

Microemulsians have been studied for ARV drug delivery as an
approach to redirect the absoeption of ARV from the portal blood to
the HIV-rich intestinal lymphatics, thus enhancng the bioavail-
ability of @rugs that undergo extensive first pass metabolism and
have poor ocal bivavailability. Three farmulations of SQN contain-
itng cleic a0d have been studsed [100] for tacgeted Intestinal lym-
PhATIC Eransport using rats as the in vive model: cremopbar-cleic
actd mixed micelies, p-alpha tocopheryl polyethylene glycol 1000
succinate [TPCS).oless acid mixed micelles and an olelc acid
miccoenlsion, The extent of lymphatic mmpon from the upm
vehicles was 0.025-0.5% of the dose admm . The
sion generated higher and more prolonged mesenteric lymplh con-
centrations than the micellar farmulations {Fig. 7). The systemic
bloavailability was estimated to be 8.5% and 4 8% for the cremo-
phor mixed micelle and the microemulsson, respectively, Since
the cremophor mixed micelles produced higher bioavailability
than TPCS mixed micelles, the researchers concluded that the nat-
ure of the surfactant can influence biodistributian of the drug be-
twoen lymph and plasma

37, Namopowders

Most recently, nanopowders have been used a5 3 delivery sys-
tem for oral administration 1o enhance the dissolution rates of
poorly soluble drugs. Tween 30/poloxamer 138 stabilised nanosus-
pensi of the hycrophubic ARV, loviride, were prepared by
media milling. and sucrose co-freeze-dried to ubtain soled nano-
pawders [ 101], Marphological characterisation showed plate like
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srructures in the nanopowder which was different fram the mor-
phalegy aof untreated Joviride crystals (Fig. 8) Lovinde showed
higher dissolution rates in d products than in theis respec-
fve physical mixtures. ie. the amount of drug released after
15 min was 104.2% for the nanopowder prepared from freeze-dry-
ing with sucrase, 582 for the freeze-dried anosuspension without
sucrose. 54.8X for the physical mixzure containing sucrose, 14.5%
for the physscal mixture without sucrose and 64,7% for the pure
untreated loviride {Fig, 9) The addition of sucrase also further en-
Banced the dissolution rates. Caco-2 expersments revealed a signif-
icantly higher transport of loviride from the nanopowder
formulation as compared 1o the physical mixture and the un-
trested lovinde, Nanopowders were able 1o increase the dissolu-
tion rate dee to its hagh surface area while sucrose had an
additional enhancing effect due to its disintegrant properties.

3.8 Suspensions

Since studies with INV in HIV pasitive patients have indicated
that drug concentrations in lymph node mononuclear cells were
abowt 25-35% of mononuclear cells (n blood, in & proof of concept
study. Kinman et al. [102] showed that assaciation of INV with lip-
Ids could enhance localisation in lymphoid tssues and alsa reduce
the viral foad. This was accomplished by preparing lipid asscciated
complexes in suspension for subc ingection to HIV-2287-
infected macagues. They sk d that INV conc in both
peripheral and visceral lymph nodes were 250 2270% higher than
plasma as compared with <35% with soluble lipsd free drug admin.
istration in humans, Also, admipistration of the INV-lipid com-
plexes reduced significantly the wiral RNA inad and increased
04T celt number concentrations (Fig. 10}

3.9. Tranzdermai delivery

The advantages offered by diug administration via the
transdenmal route include avoidance of first pass effect andjor Cl
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Fig. 8. Scarning clectrne micrographs of {1 nanopowder and (4) entreated loviitde
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degradation. reduced fluctuations in plasma drug concentrations,
excellent targeting of the drug for local effect as well as improved
patiett compliance [102,104]. The patential of ARVS for transder-
mal admdnistrabon has therefore been extensively reported. The
various transdermal permeation stiedies with ARV drugs specifi-
cally in terms of the focus/foc of the particular investigation anc
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g 19, Thanges In plasims vial baad ol coe MIN-2 4 -infected macagues ar 25
weeks posnnferton and treated Witk 10 daly J0mpeSg [5C) doses of Wpyd
asrociated ind Inar over 14 days [reproduced froen Kinman ee 3l [102])

the main outcomes of the study are summarised In Table 3, The
mast commonly Investigated drug thus far foc transdermal deln-
ery has been the AZT, although there are seme studies that have
alse tnvesrigated ddAC and édl for transdermal deflvery. Dne of
the imitations of transdermal defivery of drugs is poor skinjpercu-
taneous penstration/absorption of drugs. Hence, the majority of
ARV transdérmal studies have focused on permeation enhantce-
ment Investigaring. Intes olig, various chemical enhancers, types
of vehicles (solvents/cosolvents ], a5 well as iontophoresis and ano-
dal current application. Table 3 wdentifies specifically Use various
penctration enhancers and vehicles that have been specificatly
investigated thus 31, These vartous permeation epharcement vari-
ables esther 2lene or in combination have been found to be bene-
ficial in promoting ARV drug permeation through the skin

In addstion to comparative permeation enhancement studies
with druy solutions, some ssudwes have developed and evaluated
transdermal delivery systems of an ARV drug, Gels containing
AZT[105,106] and AZT patches wsing a gum matrix [107,108] have
been developed. foth were faund to be capable af facilitating ARV
permeation, and the gel formulations weee also found to be more
stable than drug solutions. Cne of the first vesicular carriess to
be studied for transdermal defivery of AZT was aspasomes [109)
These are vesicles farmed from ascorbyl palmitate (ASP) in combi-
vation with cholesterol and a negatively tharged lipid {dicetyl
phosphate). Fig. 11 shows that aspasamal AZT (ASP-AZT) was able
to significantly enhance transdermal permeation of drug as com-
pared to the AZT solution. Although lower than ASP-AZT, the high-
er deug permeation of ASP-AZT duspersion as compared 1o AZT free
drug solutien showed that ascorbyl paimitate had skan permeaticn
enhancing properties. An elastic liposomal fermulation of AZT has
also enharced transdermal flux. provided sustained drug redease
and improved site specificity of the drug {51], Pheraid™ is a par-
ented submicron emuision which has heen shawn ta entrap, trans-
port and delver several pharmacological compounds for entianced
therapeatic actioa [110,171], Pheroid™ comprises essential and
plant farty acids, i.e. ethyl esters of the essentlal farty acids, oleic.
hinolenic and linoleic acsds, which are emulssfied in water and sar-
urated with nitrous oxide. As shown in Table 2, oleic acid is an
effective permeation enhancer due (o its kinked structure that
briefly disrupts the packed formation of the Intercellular lpids
172 Recently. the use of Pheroid™ was investigated far its po-
tential to enhance the transdermal permestion of ddC, 3TC and
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investigated the use of a safe and effective permeation enharxer,
Le,, menthol, on the buccal permeation of ddC. This study showed
that the in virro transbuccal permeation of ddC increased signifi-
cantly in the presence of L-menthal with an enphancement factor
of 202 and a i,y of 6 h The permeatson enhancement was nat
rancentration dependent as 0o significant difference was observed
between the permeation enhancement of déC in the presence of
0.1, 02 and D3 mgfmi of t-menthol [117] Later, Xiang e al
{27] also studied the feasibility of transbuccal delivery of ddC using
Mcllvaine buffer soluton (IMB), Their study focused on identifying
the mujue permeation barrier within the epithedium of the buccal
mucosa. the nfluence of sodium glycodeoxychalate {GOC) 25 a per-
win enhancer a5 well as the histological effects of ddC on the

a0 L
TIME IN HOURS

Fig. 10 % worp pesmneation peofles of AZT areds excsed ral skis allewing
rreatment with vanous systems, e, sSpasomal AZT |ASPASOME] AZT-ASH
dispersion |AZTIASTL free AZT schutom (AZT-50W ) (reproduced froam Capinath
wtal |loa))

several N-acyl lamivedine esters {113, However, while the drugs
were shown te be entrapped in the Phecoid ™, the transdermal flux
of the drugs in Pheroid™ was lower than in PSS, Hence. the Phe-
roid™ delivery system showed no praccal advantage in terms
of lzs transdermal application.

The various transdermal delivery studies with dougs such as
ddl, ddC and AZT using various animal medels such as the skin
of rat, mouse. pig and hurnan cadaver have confirmed the potential
of ARV drugs for transdermal delivery.

310 Buccol delivery

Delivery of drugs via the buccal mucasa has received Increased
artention in the literature as an attractive altemative to the trad)-
tional oraf and other coaventional routes of drug administration.
Use of the buccal mucosal reate prucms several advantages, such
as the bypass of first pass hep lism and dance of
pastrodestinal enzymatic degradation, thereby increasing the
beoavailability of drugs [174]; higher permeability than that of
the other routex such as the siin [115); larger surface area for diug
application. and goo¢ accessibility compared to other mucosal sur-
faces such a5 nasal, rectal and vaginal mucosa |116[. ARV drugs
may therefare benefit from buccal mucasal administration insiead
ol traditional oral administratian.

Studies investigating the feasibility of the systemic buccal deliv-
ery of anni-HIV drugs have ermerged. Shojaei et al. |117) intally

g
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Pig. 12, Cormmlanve amownr of dOC pemzeatieg tarough M parcine ool imacma
without GOC (clesed tramgle] and with co-administration of COC (duied square)
e are presecend as means £ S8 {0 = 3) (Repromuced frooe Xlang et & (27

buccal mucosa. These researchers reperted that the basal lamina
Laver wathin the epithelium of buczal mucosa acted as an Impor-
tant harrier to the permeation of ¢4C. They also found that the per-
meability of &dC was significantly enhanced by GDC up 10 32 times
{Fig. 12}, Histological studies revealad that the hasal laming re-
mained intact, and no nucleated cell Jeakage was found wathin
24 h. These studies also showed that the thickness of epithelium
was greadly reduced after buccal tissues were immersed n IMB
solution for 12 and 24 b and no difference was chserved between
the tissue samples incubated in the IMB and ddC IMP solutions.
These two research groups concluded that transbuccal delivery is
a potential route of administration of ddC, and hence far enhanoing
antiretraviral drug therapy

Unlike the transdermal route, the buccal raute for ARV perme-
aton potential bas not been comprehensively mvestigated. The re-
pocted studies to date have fogused only on twao different
permeation echancers, and no studies en the formulation and
assessment of buccal delivery systems of ARVs could be found

1.1). Rectal delivery

The rectal route has also been conssdered for effective delivery
of ARV drugs that undergo first pass hepatic nyetabolism andjor
extensive Gl degradation. Two studies were found 1o have been re-
parted in the literature. Sustainad-release AZT suppositorics were
prepared [118] using hydroxypropy! cellulose (HPC), and were as-
sessed in rats. 1t was found that AZT suppositories at 10 mglky
maintained corstant plasma levels abave 1 1M for mare than
& h, and they sub nily p | as an alterna.
tive drug delivery system for AZT (Flg. l3) A furthec study of rectal
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administraton of AZT |119] showed thar the dmg was mmhder-
ably absorbed after rectal administration, with a phar

peofife that resembled that of 3 sustained-release delivery device.
No further studies on this approach have since been idencified in
the literature. The work in this area appears to be limited, most
probably due 1o patient inconvenience. as well a5 1o the foct that
HIV/AIDS patients often suffer from diarchoes,

4. Conclusions and future studies

Despite significant advances that have been made (it undes-
standing the mechanssm of HIV infection and in identifying effec-
tive treatment appeoaches, the search for optimum treatment
strategies far AIDS sl remalng a majoc chalfenge, Results pre-
sented in this review indicate that navel drug delivery systems
clearly present an opportunity for formulation scientists to aver-
come the many challenges associated with antiretroviral drug
therapy. The use af such systems began in the early 19905 bur it

and Bk 70 (2008) 657-710
|7] DR Lrrman Chemokine reczproce boys 0 AIDS pathagenssic?, Ced 95
(13998) £77-630
18] L MeAmmaur, &1 Brew, A, Nuin, of WV Inte
Lanvet Newtd. 4 (20051 541-555
191 CW. Arend, DR Litiman. IV seanteor of the hest ool Gensme Biol 2 (2001 )
Reviews 1010
110] JC Learmont o1 al. brmsologic and strolzge slates after 14 (2 18 yeans of
iriection with an stéerresbedt strain of 1IV-1 A cepoct from the Spdacy Blood
Bans Cohorr. N Ergl | Med 340 (1999} 1715-1722
[91] C Sioddan, B Keyes Muodels of 1IV-T disease; 3 repiew of cacrent stargs.
Drusg Discov, Toduy THs. Medels 3 [2008) 113-119,
132] TE Vyas. L Shalr MM Ainip, Nazozurtitadate drag camriety for delivery of
HVIAIS Owripy to viral reservalr sites, Expert Opie. Dvug Dely. 3 (2006)

G168
23] € Plesnec, HIV drag devetogmment; the nesr 25 years, Nat. Rev, Doug Discow, §

(007 ) 9* G501

| 14] BC Rarhbun, SM Lackhart R Steghesm, Correntt HN irestnent guisetnes -

an averview, Uaer, 2hanm. Des 12 12005) 1045+ 1661,

[15] WA Sarde, RO Waellenng. DN, Cibere The Sendord Caide tn Y/ R08
Therapy, Antitcrelos) Thespy, inz, US, 2008

[16] LA Dios, D Makary. Nuckssite and | Aeverse T |
hhbﬂann rhe Treatinees of HIV, S on #fieacy. Avalahie Som: «hiep

P cley! -n.l»lmwet 241007

117 T Rasics, HIV Ti ™ [rigg

M Pacific AXDS £, and ‘humq Centre. Avgiahie from

is only within the past 5 years that there app o be a sudd
surge of interest and publications in the use of nove! drug delivery
systems for ARY drugs, While several novel drug delivery systens
have heen investigated for ARY delivery, recently there appears ta
be greater interest and advaacement in the use of bpesomes and
nanoparticles as campared to other systems. While the clinical po-
tential for several NDDS has been reported from m vitre and animal
studles, there is the lack of data ea formulation optimisation and
drtailed physico-chemicalimechanical tharacterisation of these
NDDS. Since HIV/AIDS treatment involves cambsnarion divg thei-
apy, the poteatial of these novel drug delivery systems for simufta.
neaus loading ol vanous drug combinations needs to be
igated. While the p al of alternate routes of ARV drug

administration such as mnsdenml and buceal has been con-
firmed; the design and development of drug delivery systems for
these routes specifically are currently lacking Correlations be-
tween the perf: of these sy with thelr permeation
potential need to be established. Although various papers tepost
efficacy studies under In vitro conditions inciuding expesimental
ansmal studies, there is the significant lack of data on the clinical
applicability [uman it vivo studies) and toxicity of these prepara-

tions, These therefone need 1o be extensively explored. Based on
the cunplemy of lhl.‘ duwe and mc formulation opeimisation
and ev, 1 phinary research would
be essential for eventual oommemalnution of NDDS containing
ARV drnugs,
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Abstract

v

The buccal mucosal route offers several advan-
tages but the delivery of certain drugs can be lim-
fted by low membrane permeabdity This study
Imvestigated the buccal permesbility properties
of didancsine [ddl) and i the potential of
Aloe vera gel {AVige!) as & novel buccal permeation
enhanver. Permeation studies were performed
using Franz diffusion cells, and the drug was
quantified by UV spectrascopy, Histomorphologl-
cal evaluations were undertaken using lght and
tranxmission electron microscopy. The perme-
abitity of ddi was concentration-dependent, and
it did not have any adverse effects on the buccal
mucosae. A linear relationship (R*=08557) be-
tween the concentrations and flux indicated pas-
sive diffusion as the mechamsm of drug transport
AVgel at concentrations of 0.25 to 2%Bwiv en-

hanced ddl permeability with enhancement ra-
tios from 5.09 (025%w/)v) to 11.78 (2%w)v) but
decreased permeability at 4 and B5wiyv. Ultra-
structural analysis of the buccal mucosae treated
with phosphate buffer saline pH 7.4 (PBS), ddI}
PBS, and ddi/FBS/AVZe) 0.5%w/v showed cells
with normal plasmalemma, well-developed cris-
tar, and nuclel with regular nuclesr envelapes,
However, cells from 1, 2, and 65w)v AVgel-treat-
ed mucosae showed irregular nuckesr cutlines, m-
creased interceffular spacing, and plasmalemma
crenulations. This study demonstrates the poten-
tlal of AVgel as a buccal permeation enhancer for
ddl to imprenve antl-HIV and AIDS therapy.

Supposting information available online at
hetp:|/www thieme coanect dejejournalstoc/
plantamedica

introduction

o 4

Antiretraviral (ARV) drugs have revolutionized
the treatment of HIV [human immunodeficiency
virus) infection and AIDS (acquared rmmune defi-
clency syrdrome) (1], widely acknowledged as
heing amang the most senious public health prob-
fems |2) However. several bmitations exist with
current ARV drug therapy via the oral rowte [3,4].
These drugs suffer from low bioavailability due to
extensive first pass effects and gastrolntestingd
degradation. Also, shart half-fives necessitate fre-
quent administration of doses. and severe dose-
dependent side effects may occur,

4000, KwaZ uNatal
South AVica

Fhore: + 27312607358
fax:«27312607792
goverderthuken.ac za

Buccal drug defivery, which is the administration
of drug from 3 delivery system [eg. films
patches. and gels] through the mucosee lining
the cheeks of the mouth, has received Increassd
interest as an alternative to the oral route. Drugs
administered via the buccal route can bypass en-
2ymatic degradation and hepatic first pass me-

Orwcls £ et ol (mwewtigating the fHect . Panta Mes 2012; 78: 354361

tabolism thereby Improving bisavailabiity |5,6]
It has a high patient acceptability compared to
other non-oral routes | 7). Buccal delivery systems
offer an attractive approach for pediatrics and for
patients with swallowing problems. Buccal deliv-
ery of ARY drugs can therefore contribute to over-
coming some of their current disadvantages.
Whle the potential of ARV drugs for administra.
tion via another non.oral route, namely the trans-
dermal route, has been explored |8, 9] their buccal
delivery potential remains to be Investigated.

The epithellum lining the oral cavity is a barrier to
drug permeation. The use of permeation en-
hancers in masy cases is decissve for efficient boc-
cal drug delivery 130,11]. The discovery af new
permeation enhancers is essential for optimizing
drug delivery via the buccal route. Currently,
there s an increasing interest for drug products
that elther are of natural origin oe contain such
components. [12], Aloe wra (Aloe borbadensis
Mifler) Is a succulent plant with strap-shaped
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green leaves [12]. Far medicinal applications, the aloe latex (or
exudate), the aloe gel, and the whole leafl (or whole leaf extract)
are the main parts used [13], The inner pulp of the fresh leaves Is
used for gel extrusion {14). The gel is composed mainly of water
(>99%). and the remaining 0.5-1% of solid materlal comprises
several polysaccharides, vitamins, enzymes, lipids, as well as in-
organic and small arganic compounds [15]. It Is recognized as an
Important medicinal piant that kas efective anti-inflammatary,
antifungal, and spothing effect on the mucosal lining as well as
wound healing properties [ 161 While it has recently been shown
to be an effective transdermal [T7] and intestinal |13] penetra-
tlon enhancer for varicus drugs, its applicabiisty for bucral per-
meation enhancement has not been Investigated before, Those
studles with AVigel as an enhancer for the intestinal and transder-
mal routes did net report its histomorphological effects |13, 17),
which Is important for assessing its preliminary suitability, Re-
cently, it has been shown to have the potential to modify drug re-
Sease profiles in dosage forms [18] it appears that Aloe vero gel,
with polysaccharides a5 3 significant compenent, has the poten-
tial unlike ] existing p enhancers, to also provide
multifunctional properties in buccal drug detivery sy A

Original Pepars

It vitro permeation: Frazen buccal mucosae were allowed (o thaw
and equilibrated in phosphate buffer saline pH 7.4 (PRS) Franz
diffusion cells (PermeGear, Inc) with 3 diffusional area of
0.786cm? were used for permeation experiments. The buccal
was  to the diffusional area between the donor
and receptor cefls and was equilibeated with PBS at 37°C. The do-
nor compartment contained either varying concentrations of dd!
0 PBS alone {5, 10, 15, and 20 mg mL~") ar ddi (20 mg-mL ') in
the presence of AVg=l (0,25, 0.5, 1.0, 2.0, 4.0, and 60%wjv). The
receptor compartments were filled with PHS. Samples were re-
moved fram the receptor compartments at predetermined time
Intervals and replaced with the same volume of ddi-free PES.
Each experimens was undertaken using a minimum of thres rep-
licates Similar 1o permeation studses with other drugs 119,20|,
ddl was quantified by 3 validated UV spectrophotametry method
11 gy 0F 250 nin (UV spectraphotometer 1650; Shimadzu).
Permeabelity data analysis: The cumulative amatnt of ddi perme-
ated per unit surface area was plotted against time, The steady
state flux (J) was determined from the linear part of the perme-
ability curve by linear regression analysis (Micrasoft Fxcel 2007)
The permeshility coefficient (P} was calculated as follows [21]:

buccal controlled release product based an Aloe vera gel (AVgel)
will therefore be an attractive system for the administration of
ARV drugs.

The aim of this study was therefore to Identify the buccal perme-
ability potential of a mode! ARV drug, i e., didanosine (dd1}, in the
absence and presence of 3 potential novel buccal permeation en-
hancer, namely AVgel In addition, the sty also aimed at evalu-
ating the histomorphofogical effects of ddi and AVgel an the buc
cal mucosa.

Materials and Methods

v

Ethical clearance

Exhical appeoval was obtained from the Unaversity of KwaZulu-
Natal Animal Ethics Committee in 2008 {00108/ Animal) and re-
tewed annually in 2009 (028/09/Animal ), 2010 (D29/10/Animal ),
and 2011 {25/11/Animal)

Materlals

Didanosine [dd); chromatographic purity (HPLC) =994%] was
donated by Aspen Pharmacare. AVgel in dry pawder form, was
received from the International Aloe Sclence Coundl (IASC,
051309, Texas, USA] and was the same sample used in our provi-
ously reported study in Planta Medica |13]. The 'H-NMR spec
trum of the AVgel and the quantities of chemical markers as de-
termined by NMR spectroscopy are available as Supporting Infor-
mation (Fig. 98 and Table 1) and are discussed under the Results
section. Dysodium hydrogen phosphate. potassium dihydrogen
phesphate, and sodium chloride were purchased from Sigma-Al-
drich, All other reagents used were of analytical grade.

Methods

Preparation of porcine buccal mucosee: Buccal mucosae hat vested
from piggs (3040 kg) | Riomedical Resaurce Unit, UKZN) sacrificed
by LECD euthanasia were appropriately excised: their thickness
was 65512 72um (CV«8,1%). Fresh burcal mucosae were used
far histological evaluations. For buccal permeability studics. the
burcal mucosse were snap frozen In liqusd nitrogen. stored in a
biafreezer (-85 °C) and used within three months [12]

P (@Qfdr) | A= Cd=Jss/Cd n

Where dQ/dt is the comulative amount permeated per unit time,
A s the dilfusion area, and Cq is the drug concentration In the do-
nor compartment The permeability of dd) was evaluated in the
presence of vasious concentrations of AVge) The enhancement
rata (FR) was calculared as follows [21):

R Pe ility coefficient of drag in the presence of evhancer 2
 Permeability coefckent of drug in tFe abs ol enh

Viscasity determination: The viscosities of ddl {20 mg.mL™") pnly
and ddl {20 mg-mL™") in the presence of Aviged (0.25.0.50, 1.0, 2.0,
40, and 60%wlv) were determined with a Modular Advanced
Rheometes (ThermoHaake MARS Thermo Fischer Scientific),
equipped with a titanium cone {C35/1° Ti) set at 3 sample gap of
0.051 mm and a Thermocontraller (UTC-MARS 1), The relation-
ships between the viscosity and shear stress as 3 functan of
shear rate were analyzed using HaakeRheoWin, 3.50.0012 soft
ware,

Iight microscopy and trapsmission electron microstapy: Fresh boc
cal mucosa was cut into 1 x1x0.1 ¢m cross secthons. Mucosae
were incubated in bottles contalning either PSS only, or ddI/PES
(20mg mL"), or ddUPBS (20 my ml"%)(AVge! in varying concen-
trations. The bottles were kept in a water bath at 37°C over six
hours. Untreated buccal mucesa was transferred from normal sa-
line Into 10% buffered formalin without incubation in PES and
served as the cantrol Both the control and treated buccal muco-
sae were fued in formalin for seven days. They were dehydrated
ising an ethanol gradient and embedded in paraffin wax. The
sectivas were collected on slides, dried and stalned with hema-
taxylen and eosin (H&E). Semi-thin sections (1 pm) of the epoxy

embedded samples were also obtaineyd and stained with tolw-
dine blue, Sections were examined usieg a light microscope (Ni-
kon 80%), and bright field images were captured using NIS Ee
ments D software and a camera (Nikon U2).

Samples for transmission electron microscopy (TEM) were incu-
bated as described above. They were cut into pieces not exceed-
ing 0.5 mm* and fixed for 24 bours {4°C) using Karnovsky's fixa-

Ofowoo £ et al imestigatiog 1w [Flact., Marts Mec 2012 78: 3%4-361
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tive [22] buffered to pH 7.2, processed and embedded in epoxy
resin using standard protocols. Ultrathin sections (90 nm) were
cut, contrasted with uranyl acetate and lead ctrate and viewed
with a transmission electron microscape [JEOL 1010},

All experiments were performed using & minimum of three rep-
licates.

Statistical analysls

The results, expressed as mean + standard devaation {SD), wers
analyzed using one-way ANOVA followed by the Mann-%Whitney
test using GraphPad Prism® (Graph Pad Software, Inc., version 31
Differences were considered significant at p<0.05

Supporting information
The chemical compasitsan of the AVgel and its 'H-NMR spectrum
are avatiable as Supporting Information

Results and Discussion

Y

The permeability potential af ddi in the absence of an enhanrer
was initially investigated, © Fig. 1 shows the cumulative amount
of ddl permeated a1 different donar concentrations. The flux
values increased with an increase in ddl concentration and
ranged from 25842 135ug cm ™ hr! to 71,57 312 pg cm 7.
he! [© Table 1), There was a significant difference (p =0.001) be-
tween all concentrations except between the fux values of
15 mg-ml~and 20mg-mL"' ddl, which were not significant
(p=0.302)

Alinear relationship (R? = 0.9557) between the flux and dd! con-
centrations was obtained (G Fg. 2], indicating passive diffusion
as the main mechanism of ddl transport across the buccal mucoss

Oewuie | ot ol mwesticating the Efect..  Farsa Mad 2012 78 184-161

123,24} Didamasine is hydrophilic. and its passive diffusion
shoudd favor the paracellular pathway |25, 26)

Xiang et al [3] highlighted the promising potential of zalcitabine
(ddC). the only other ARV reported to date for buccal delivery.
They repocted a flux of 134212635 pg em™ hr'for ddC at
20mg-mL" which is lower than the flux of ddi (71.57 23125
e X Rty Several dougs with similar and Jower flux values have
been reported as having the patential for Improviog drug therapy
via the buccal route [23,24,27|. ddi may therefore be regarded as
having the potential for smproving HIV and AIDS deug therapy
when administered by the buccal route.

The AVgel emploved in this study to Investigate its effect on ddl
permeation was the same as used by Chen et al [13] to study its
effects on intesting] drug permeabylity. The 'H-NMR spectrum of
the AVgel s shown in Fig. 1S and the guantitics of chemical
muarkers 25 determined by NMR spectroscopy in Table 15, The re-
sults indicate that the AVgel material contained all the essential
markers sspecially aloverose

The baccal permeasbility of ddl in the presence of AVigel [0 Fig. 3)
was investigated, The flux of ddl in the shsence of AVigel was
71572312pg em™ e It increased significanely (p<0.001)
with an increase In AVgel concentration up to 25w/v (© Table 2),
whith demanstrated the highest permeability coefficient of
3.3%102cm hr' and an enhancement ratia (ER] of 11,78, there-
by canfirming for the first thme the buccal permeation enhance-
ment property af AVigel.

The permeation enhanong potential of AVgel from 0.25 w0
20%wjv may have a similar mechanism to these proposed for
other polysaccharides reported as permeation enhancers (78]
Polysaccharides such as chitnsan are known to demonstrate mu
coadhesivity. which causes prulonged drug reteation on muco-
sae. It has been propased that chitosan enhances boceal perme-
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ability by interactions with the epithefial barrier that may weak-
en it partially dismantling the extracellular mateix structure and
intercellular joint. Since the mazor components of AVgel are poly-
saccharides |18], a stadlar mechanism may apply. Also, AVgel is
catianic, and its pessible ionic interaction with stafic acld resi-
dues on the buccal mucosae could dlter membrane permeability
125,28},

Further increases in AVgel to 4.0 and 6. 02w|v led to a decrease
flux to 8395 +924 and 6206558 g cmv - he ', respectively.

Although there Is a 10-fold reduction in the flux between 2 and
A%w/!v AVgel, the flux at 4 and 6%w)v is reduced 1o a value which
Is statistically simnilar to the Nux in the absence of AVged (© Table
3). The decrease may be attributed to a higher viscosity of AVigel
at higher concentrations that can increase resistance to drug dif-
fusion and hinder drug movement [18,29]. Increasing the con-
centratian of AVgel in the ddI/PES/AVgel formulations led to an
increased viscosity of the formulations (© Fig. 4) and displayed a
linear correlation (R? « 0.872) The viscosity of Avgel at 6.0%w)v

Oewoe Eetal mastigating the flect. Marms Med J012; 78 534301
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Fig. 4 Eifect ot AVgel concortration on the viscos
Iy of dAPRSAVGH formulstions (rmean vak
ues $50;n =3}

Viscesity (n) of ddLPES/AV gel formulations
(mPa)

0.0 - T T T — m—
0 1 2 3 4 s 3
Concentration el AVgel (% wiv)

(284 mPFa) was almost three times (up to 240%] higher than that
ar D.25%w/v (094 mPa) (© Table 3} The viscosities of AVgel at 4.0
and 6.0%w/v may have been hagh enough to impede the buccal
permeability enhancing potential of AVgel Similar rrends. with
an initial crease in Mux with 20 increase in enhancer concentra-
tions {propylene giyeol) but resultant flux decreases with further
Increases have been reported in another study |30), although
passible reasans were not investigated,

The ER of dd) increased approximately 12-fald with AVigel 2 0 %w)
v but decreased to 0. 87-fold with AVzel G0%Tw/v (O Table 2} The
ER values in this study are within the range of previous studies
using AVigel at similar concentrations for other routes. The ER for
coithicine through percine skin was 112 {(AVgel 30%wiv) [17]
while that of insulin through the intestinal epithelial manolayer
was 231 (L5%w)v AVigel) [13] A higher ER at a slightly lower
concentration of 2%w/v is reported for the buccal mucosa in this
study. One explanatian s that the buccal mucosa is mare perme-
able than skin. Also. insulin in the previous study is a3 larger mol-
ecule and may not permeate to a similar extent as ddl The ER val-
wes of other buccal enh s were found cornparable to those
ohserved with AVige! in this study. Other chemical enhancers such
a3 sudium glycudeaxycholate (ER « 323, menthol (ER = 202}, and
sodium glycolate (ER=9) have been reported as effective =n-
hancers for buceal defivery [3,21)

While permeation enbancing effects of sub are exten-
sively reported, their effects on boccal mucosa morpholegy ace
limited |3,31]. Since buccal defivery involves retention of & deliv-
ety system on the mucasae, an assessment of histolegical elfects

Ojweade Egtal imastgating the Effect . Famts Med 017; 78 334361

of 2 drug and or enhances/s to evatuate their sultability is essen-
nal

Histomurphological effects of the controlfuntreated and the
treated porcine buccal mucosae (PBS alone and ddlPHS in the ab-
sence or presence of Avgel] were assessad, The morphology of pig
buccal mucesa has been described previousty, and it closely re-
sembles human buccal epithelium [32,33] In the control group,
the buccal epithefium resembled that of 2 normal nen-kerati-
nized stratified squamaus Layer (O Fig. Sa). Basal cells apprared
oval and darkly stained in HAE (© Fig. 5b} and toluidine blue
|0 Fig, S¢) sectians, reflecting their greater mitotic activity. The
meddie region showed large potyganal cells, and superficial celis
showed desguamation (© Fig. 5d). Basal cells were nucleated
while seene af the superficial cells were anucleate. The basal cefl
layer represents the germinal tssue from which new ceils are
produced and should form the forus of such studies. Damage to
superficial layers can be rectified by renewed grawth from the
germinal layer, but chronic or severe damage to the basal cell
layer is probably irreversible [34]. The app ¢ of the coptrol,
FBS. and ddi/PBS samples in H&E (O Fig. 5a-b) and reluidine
biue {© Fig. Sc-e). respectively, were similar suggesting no Influ-
ence of PRS or ddi (either alone or in combination ) on tissue mor-
phology. Therefore, ddl at the highest concentration had no ad-
verse effects on the buccal mucosae.

The buccal mucosa upon treatment with ddiFBS in combination
with AVigel was examined. The addition of (1.5 Xw/v AVgel led o
an increase in interceltular spaces and darker staining of the cyto-
plasm. resembiing the strurture of control samples (O Fg, 5f)
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However, an increased AVgel concentration to 15wjv showed &
martked increase in intercellular spaces and distortion of cellular
outlines | © Fig. 5g). Cells appeared irregular and crenulated com-
pared to controls, This was accentuated in 63w/v AVgel samples
where extreme compaction of cells in the basa! region was ob-
served (© Fg. Sh) Although not shown, cells fram the middle
and superficial layers also appeared severely damaged. Furthes-
more, the epithefial surface and basal lamina of the mucosa m
the HRE sections of the control, PBS alone, &di/PBS, and ddI/PBS|
AVgel 0.5%w)v still appeared intact after sx hours, but extensive
dusordering of this cell layer was observed in toluding blue sec-
tivns of the &IUPBS/AVgel 63w/v. This disorder Increased to-
wards the epithellal surface and may be due ta the higher con.
centratian effect of AVigel on the buccal macasa

The uitrastructure of buccal mucosae was evaluated, The control
buccal mucasae showed short profiles of endoplasmic reticulum,
an abundance of riboscenes, and regular nuclel with evenly-dis-
persed chromatin (© Fig, 6a). Mitochondria appeared dense with
well-developed (ristae suggesting normal ceflular  activity
| Fig. 6b) Intercellolar spaces were small, and cleatly defined
desmosames betwesn attachment plagues in nelghboring cells
were observed (O Fig.6c). PBS and odI/PES treated mucosae

Ceiginal Paparsy B

g $ Moophotographs of the contrel and tress-
ed buccal muccsal sections far hght imerscopy
(M) staed wen HAT & controlfumrasted b ddy
PES, and with tobadne blue: ¢ controfuntreated,
d PRS, e ddy/Pus f ddyPasisvigel 053wy, @ Aoy
PRSIAVDe! 1. 0%mbe, h CAUPRS(AVgE & DXwjv

showed a similar ultrastructure to the saline control. confirming
trends observed at light microscope level Cells from 0.5%w(v AV-
fel samples aiso showed signs of active cellular metabolism and
regular nockear outlines | © Fig, 6d) While electron translucent
cleanngs within the mitochandria wers ecrasionally ehserved,
cellular damage was not evident {© Fig. 6e). However, increasing
AV concentration to | Swv led 1o cellular damage evident by
srregular nuclear outlines, peripheral distribution of visibly.com
pacted chromatin, electron- Jucent mitochondriz containing little
internal detall, and distended endoplasmic reticulum profiles
[© Hg. 6f). Increased mtercellular spacing and crenulation of the
plasmalemma also became evident (O Fig. 6g). Further increases
in AVgel concentrations to 2 and 6Xw)y led Lo disruption of basal
cell fayers. severe cellular compaction, and larger intercellular
spaces (& Fg, 6h and 61).
Hi: ph shawed that AVgel caused ad-
verse effects on the mucosa at higher concentrations of 1, 2, and
EXwiv. Since the buccal mucosa was pot adversely affected at
lower concentration of 052w)v, AVgel may therefore be consid-
ered a5 3 safe permeation enhancer up to this concentration. At
0.5%w/v, Avgel showed an ER of 509 which is still higher than
several other reported enhancers [3,23,27).

1 oeriral
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The study has shown that ddl can permeate the buccal mucosa
without adversely affecting its morphology. Avgel at concentra-
tlons up o 2%wiv was identified as an effective buccal permea-
tion enhancer for ddl Based on the findings it is proposed that
Avgel be used In concentrations at or lower than 0.5%w/v due to
adverse mucosal effects at higher concentrations. Histomorpho-
logical evaluations therefore proved useful in correlating the per.
meation enhancing properties of AVgel with its effects en the
buccal mucosa. The results confirm the potential of developing a4
bucecal drug delivery system containing ddl and Avgel as an en-
hancer for improving drug therapy.
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Table 1S Chemical composition of AVgel as determined by "H-NMR [15].

AVgel
Chemical Content (%) Content
(mg/L)
Aloverose 12.7 8621
Glucose 16.7 1171.2
Malic acid 20.0 1403.4
Lactic acid 5.1 359.2
Citric acid not detected
WLM detected
Maltodextrin not detected
Acetic acid not detected
Succinic acid trace
Fumarc actd not detected
Formic acid not detected
Sodium benzoate not detected
Potassium sorbate  not detected

2

© Georg Thieme Verlag KG - DOI 10 1055'-0031-1280431 - Planta Med - Ojewole E et &
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Fig. 18 "H-NMR spectrum of AVge! labeled with the main chemical constituents and
markers [15].
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Novel oleic acid derivatives enhance buccal permeation of didanosine
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Abstract

The am of this study was to expla the petentisl of novel oleic acid (OA) dervatves s Bugeal
permestion erh for the delivery of did, e {dd) The OA dervatives, 1o, ester
dervative {OATE), the dicarbaxylic adid derivative (OA1A] and the bicephafous dianionic
surfactant (QATANa) were synthasizad and these effects were comparnd 10 the parent OA, QA
QAL OATA and OAIANG at 1%w/w ol showed potential for snhancng the buccal
permeability of ddi with enhancemant satio [ER] of 1.29, 133, 1.O1 and 1.72, respectively.
OAIANS at 1% w/w demonstrated the highest fux (9030 = 1037 agem ), pameability
coeffioent (401 £057 x 10 e N™") anit BR (1,72). Thee highest flux for odi 1144.00 £ 53 54 g
em™ ' bl was reparted with DATAN: 2% wiw, which displayed an ER of 3.09 more than that with
dedl alore. At equivalent concestrations, OAIANS (ER = 3.091 had a significantly higher
permeation-enhancing effect than s parent OA (LR = 1.54). Hatomarphological studies
vonfitmed thar OATAM at 3l concentrations (0,5, 2.0 and 6.0% wiw) had ne adverse effects on
the murosss. Morphological changes sxh as vacuofes formation antt incroased Enerculifar
spaces weve attriuted 1o the buccal permeation-enhancing effect of DATANA. This study
demanstrated the potentisd af novel 0A derrvatives as buccet permaeation enhancess. DATAMs
At 2% wiw was sl identified as the optimal novel OA dervative ta widen the poal of taty add
derivatives a3 chemical parmeatian enhancers far buccsl drug delivery.
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Anzhotroniral, buccs, didancaine, oleic ackd
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Introduction

The boccal mucosa remaing an atirctlve wlicenate and nom.
Invisive site for the delivery of both Jocally and systemically
sctive drugs™, I avoids the degradation of drsgs by both the GI
acids and enzymes and also bypasses hepatic fist pass metab-
olism, thereby improving the systemic biosvallability of various
drugs™. Farleemoce, absorprion fallawing administraton via
the bacca) route s nol indl ¢ by p ial lons in the
gastric empiying rate or the presence of food®, The permeability
of the buccal mucoss is also higher than that of skin’. Hence, #
lower Inading dose in o transbuceal device could pravide the same
therapestic effect as a dermal parch. The baceal mucoss also

advantiges. The buceal route thersfore has wide applicshility for
diverse drugs and dssease conditions,

Ome of the main challenges with baccal mucosal therapy is its
Jimited mucosal permesbility due o the epitheleal lining of the
membrage, which acts g+ a barrier o drag permestivn”. The
outerast layer of the sratified squumous epithelium s
keratinized, covered by & thin luyer af mucus and is comparatively
thicker than the rest of the veal mucosal lining. The basement
membeune Ges directly underneath 1he epithelium, followed by the
lamira propeia and the sub The mucosa is made up of
sbout 40-50 cell layers, and & thickness of S00-800 wm hus heen
reported™ . The mucosal sructare s contributes o the
challenges and factors that are responssble foc the limited huceal

has a Langer ares for drug applicative and has good accessibility
oompau:‘i o ocher Mucosae such as the nasal, rectal and vaginal
mocasae’ . Vorious classes of drugs including  zalcitabine
(AdC)y (antirstroviral; ARVS™Y, peroxicam (mon-steroidal anti-
inflammatory)", mocphine (opiate)'!, omeprazole (proton-pump
tnhsbitee) . insulin (anti-diabetic hormone and blood glucase
towering 2gent)' and metoprolod (beta blocker)' have been
studied for delivery vig the buccal mucost to exploit its hove

Address for poadeace: Prof. Thi s Goveader, Ducipline of
Pharmuceaticsl Scirsces, School of Hemtth Scacnces, Univessity of
KwaZuds Natel. Private Bag X54001, Dechan 4000, KwaZulu Naiad,
Soumy Afca, Tel: +27 31 2000388, Fax: 427 31 2607792 B-mmil
govenderth® ukznac.zs

permeability of drags. Enhancing permestion of drugs across the
bucesl mucasa is therefare critical for vptimizing bicavailahility
of varies drugs”. Maximizing the bicavailability of severl drugs
after buces! admizistration far absory through the mucosal
lining will be beneficial to redocing intra and inter sabject
vagiability a5 well as side effects of the drups™"". Mareoves, the
cost of manufactare will be reduced by decreasing drug wastage
owing 1o 1ts low systemic bicavailabilizy ", especially where drags
have limited permesbilicy and sabsequently low Bioavailability.
Hence, the ise of permeation-enbancing sirafegies in many cases
is essentiol 10 overcome the limitad permenbility of the buceal
mucasa for improved boceal drag delivery®™' Recent advance-
ments in the wse of p > hancing gies  have
wentified approach luding physical and chemical
methads, 10 enhunce the boccal permeability of drugs, It has been

RIGHTS . e,
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reported  that  chemical permeation enhancers (CPEs), for
exumple, bile salts surfactangs and fatty acids (FAs), have
praved promisiag for enhancing buccal permeability of drugx‘”'
Other app dru] P size reductlon™, ultra-

Deag Dev Ind Marm, Haty Online | 12

method to eliminate the above drawbacks will bs heneficial for its
commercial application & enbancers for various roates

In this study, didanesine (dd1) was selected as 3 model deag for
m vitro bocesl permeation Investigations, ARV drugs have

sound and el 1 hes (ronsoph
clectroporation) ne well as thenme! enhancement®™, More
specifically, recesi neparts are emerging on the use of derivarives
of chemical for further maximizing mucosal
drug permeation, For iple, newly sy ized propanoylosy
derivasives of  Sh-cholan-2d-cic. ucid were  more  effective
i enhancing permession of theaphylline as compared 4 its
parent compound, cholle acid, thereby potentisting the efficacy of
bite acids ax # class of CPES™™ There is therefore a need
ta explare and |dentify new denivatives of chemical enhancers 1o
widen the pool of avallshle superioc enhancers for buecal drug
delivery.

FAs are widely osed CPEs for various (rugs'”, Sodium
capeate, caprybic acid, sucrose esters aod lauric acid have been
reperted for enhancing the permeation of drugs such s lidocaine,
ugommme. msulm and  sumatripn  across  the  buccsl
mucosa™ " I has been reported that FAs can disrupe the
lipid bilayer of the mucossl liming thereby increasing drug
wransport and bioavailability, Glese acid (OA), in particular, has
been reported as an effective CP!: far deags such as levathyroxine
sodium we the intessinal rouwe™, caffeine and diclofense sodium
(DS) yia the trarsdermal e’ snd S-fluorousacil vio the buccal
roate’. Novel derivatives af OA will therefore be wseful for furthes

improviag their p g P | and will cantrib-
ute b the pnl of p h 5 for enhy g drug
permeshifity.

In & previows study by our group. the synthesis of novel OA
derivat keawn as aleodenin ALE, A2E, EIE ard EJE
were repocted. In addition, the potential of these derivatives &
transdermal permeation enbascers for the delivery af 4 non-
steroedal ant-inflammuatary drag, DS, was identified’ These
derivatives. ATE, AZE, ETE and E2E ure G1 and G2 Janus-type
dendrimers in which the deadton moiety is linked with OA
throegh ester and amsle bonds, Olecdendrimers AIE and A2E
have an amide linkage, whereas EIE and EZE bave an ester
linkage between the A!u'-dmn and OA modety, This study showed

the OA dert as being far more efhalw in
enhancing the dermal p of DS " d 10 the
parent OA. The spacific mechanism of §

was not cited in the previows study. Hamm.»FAx. it could be
propased a8 the perturbation/disrupeion of the lipid bitayer of the
stratum comeum, which coukd have led w increassd drug
permention across the epidermis of the skin®*

The potentiol of these novel oleodendrimers as permearion
enhancers for bucval drug delivery has not been studied for any
itrug to date. Toe bucesl permeation enhancement probability of
the OA Jerivitives can expand ity applicability in drug delivery
systems. Therefore. in this study, it was decided to explore the
potential of the oleodeadrimer E1E (OAIE), its dicarboxylic acid
derivative (OAIA) and & sodium salt of dicarbaxylic scid
{hicephalous dinnionie surfactant, OATANa) as huccal perme-
azion enhancers, DALE has been udied previously as a
tansdermal enhancer oaly and devivatives OATA and OATANa
have noe been stadied 25 permegtson eshancers for sny drug by
any route.

In the previously reported siudy, OAIF_ wis synthesized by

such as

! the tr of haman 1 -mny viras infec.

Anfiri

130m amcd acquired |
significantly affect the globai populmoo"’” Most ARVs.
Iocluding ddi, huve low bicavailabilicy due 10 the first-puss effect
and gastrointestinal acidic and enzymatic degradation, In slduon,
they exhibic dose-dependent toxicities and adverse effects? .
ARY drugs such as ddl mury therefore benefit from buccal delnmy
The permeabibity potential of ARV drugs vie the buccal roule his
been investigated for ddC. dil. TFY, AZT and SOV 4ag
these ARV have all shown potential for permeability vig the
baccal mucesa There are limited studies om the idestihication of
CPEs for ARV twga The lnlwr bave included polymers
excipienes™, uloe vers™, ke salts” and menthol®.

The aim of this study was therefore 10 synthesize noved OA
derivatives by o greener chemistry approsch and esplore the
petentiaf of OA and its oleodendrimer dertvatives as novel
permeation enhancers for huccal permeability using &l as a
model ARV drug.

Materials and methods
Ethical clearance

Ethical appeoval (Reference 0301 Aninal) wos obezined from
the Universsty of KwaZula-Nutal (UKZN) Anitnsl Research and
Eliics Commiltee.

Materlals

OA (techiical grade, $0%), A-Ethyl N (3 dimethylaminopropyl)-
carbodiimide hydrochloride (EDACHCE), p-dimethylamisopys-
idine (DMAP) were obtaned from Sigma (St Lowis, MO), 3-
Amino-E-propanod askl rers-butyl acrylate were purchased from
Alfa-Aesar {Karlsruhe, Germany)

Acetyl chlonde (AcCl) and dichloromethane (DCM) were
from Merck Chemicals (Hohesbrunn, Germuny). All other
solvents used were of analytical grade and were procured from
Mezck Chemicals, Merck $ Silice-gel 60F o, plales were
used foe' thin luyer chromatograpty. ddl [chromstographic pussty
(HPLC) = 99.4% | was purchased from Ruland Chemistry Ce, Lad
INsnfing. China). Disodium kydrogen phosphase (Na,HPO,),

atth dshydrogen phosphate (KH.PO,), sodmm chloride
{NK.‘!) ond  hydraxyprapy! medvyl eellulose (HPMC)  were
purchased from Sigma-Akdrich (Stei (e Sod
hydroxide (NaCH ) and hydrochlonic acid (HCI) were ot Amlyhal
gracke. Milli-Q purihed water was cbtainad from the purification

system (Millipore Corp.. Billersca. MA) in our labomtories. Plgs-

(30-60kg) were applied by the Biomedical Resowrce Unit
(BRU), UKZN {South Africa).

Methods
Svnthesis and ovaracterizution of OA dertvariver

Synthesis  The synthetic schemss in Figure | shows the: reaction
sequences involved In the synthesis of the different, hree
OA derivatives used In this stdy’™® 1o ester derivative,
oleaiendnmef EIE (DAIE] tho OATA and the OATANa, The

ves, L. DALE, OATA und OAIA'\; & well as meu

methods that imolvad the use of &
thionyl chlorile, harsh reaction conditions invoiving hlgh reaction
Iunp:mnms and it was funhermore o detailed  multistep
pm:us In keeymg vmh the currest trends of spplying green

hes', the synthesis of the OALE derivative,
from wlm:h OAIA lnd OATANG are obainod. by a modified

molecalar mass, formulse and chemi are
in Tahle |,

Synthesis of 3N, Nodi-(teet-butvloxycarbonylethyllaminopropea-
nol 2. Compound 2 was symibesized Mlom.m'n ahg“li;er-mre
L

N KQ
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Qleie acid denvatives as huceal permeation enkancers 3

1 NaCH, 1, 8 h ’
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Figure 1. Scheme showing the i = lveid an the symbesis of Gifferent OA derivatives

Tahle | Mokcakar muss, mateculsr formula and chemical strecture of ddl st OA. DA A, OATE and OAIANS

Moleculer mass {gmol '} Mulecslar formuls Chomical stracture
ol 1625 CioHi N0, 5
N I‘L
NH
¢
"R
[ ‘"
(s} 28246 CuHyn0; o
/\WH
OAIA 43336 CoHNG,
o /}-ON
WW;\/W\)V\./\
H
DALANS sz13 CaMNNe g
‘
W\/\/—\/\/\/\i{v\“{ }ON
ok
QAIF 50548 CugNOy, o
0
\/\/\.N‘—\/\/\NWN

procedure. Briefly, to u solutios of ser-butyl acrylate (19.2g,
ISmol} i MeOH {200ml), -amino-l-peopanol 1 13.75g,
05moll in MeOH (100ml} was sdded drop wise maintaining

removed under vacuwm 1o afford compoand 2 a5 a colorless liquid
ady, W,

Cumthrric Pori Booe B b

EIE (OAIE) 4. A miswre of

he reaction emperature below 3 °C. The reaction mi was

allowed to stamd overnight after stifning & room temp v for
8h, The solvent (MeOH) and excess ferr-buty] acrylale were

pound 2 (28420 090 mol; and DMAP (068 g D56 mol)
in DCM (25ml) was @ired & coom tempernture for 10 min
RIGH fvl (1

I N ey
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To thes mixture, EDACHC) (2, 112 mol) was sdded follomed
by o mixture of OA (22, (.75 mol) in DCM (23 ml), The formed

Deug Dy Ind Poarre, Easly Ovdine | 12

Prepavation of poveine buceu! macorae.  Poccine baccal mucosa
hkas many similarities 10 the human buceal mucoss and was chasen

clear solution was stirred 3t room temy for 48 0. Sol
was evaporated under vacun, and crude product oblamed was
purified by column cheomatography asing silica gel # &)-100
mesh with hexane/E1OAc, 9:1 25 an eluent to obtain compeend 4
us a coforless liquid (3.84 g, 9140

us the béological membrsne for the | experiments'
Pigs were sacrificed wsing the standard operating procedure. ac
BRU, UKZN. Briefly, the pig \\*35 welghted aud applvpnmdrugs

OAJA 5 and its sodinm salt (OAIAN®) 6, |
procedures”” with slight modifications were followed fur the
synthesis of compound 5 and 6. [n shoet, 0 4 misture of
compoand 4 (5.95g, D.01 mel), HO (0.72g, 004 mol) in DCM
{100ml), AcCl (314 g, 0Smoel) was added drop wise aver 4
pericd af 10min and surred for 8h. The reaction mixture was
washed with brioe water and concentrated i vecwo afier drying

were mixed o form  cocktail for infr by the
registered. liunud veterinary doctor . BRU. "UKZN, The

cockunll the following drugs, (& Domitor® (Zoetis.

ed  NSW A lia}, which i dzsomidioe 1 me/mi und
e dosed at O06mgkg: Zoletl® 100 (Virboc, Jalisco, Mexico).
which El of il ine S mghnl. 20lazepam

Smghml and dosed | Smglkg, and fnally. hutorphanol
10mgfml, (V-Tech Dispensing thm:y. South Africa) dosed
at 017 mg/kg. The approprise ) dases per kil hody
mnﬁo!thmdmpme&hpl&dhnmnkn:lw
and then drawn up into 2 single 5 ml

aver anbydrous NazSO, 10 affird compound 3 as a viscous liqud  *eRsequently mixed
(398 4, 829) This compound § was wilized, without further
rification, for the prepuration of ¢ ‘&l.nnhmn

syvinge. The pig was restrained by placang it in 2 squeere cage,
and the cocktail was injecied imo the quadticeps muscie. The ear
vein b casily ihle within $-7min such tkst the pig

mlumn of 8(5p, 001 mol) in scetone (200ml) was
with 20% bot aguecus NaHCO, solution (8.3Seml, 0.01%mol)
under vigoroas stirring for 2h, The precipaated white solid was
further dried by removal of solvont under vacoum w afford
compound 6 as an ofl-whate salid {5.30 g, 97%).

Charieterization of denivatives. The synthesized derivatives
were ch rfized by Jurd anatytical techmigues for strocsural
confirmatson. FT-IR spectra were recarded using o Braker Aipha
spectroph (Enlinger, G ). 'H NMR and ''C NMR
were racorded using a Bruker NMR instrument operating at 400
and 100MHz, respectively. HLB ond 10g P, wiere ValUEs of
the QA derivatives were calculared nsing ChemSW* software
(ChemSW Inc, Vession 633, Faufield, CAJ The chemical
sy molecular formulae und mass of the derivatives are
listed in Table 1.

HBuccwl permention studies

Formulution  amd  preparation  of  gels  for  permeatlon
srudior. To determane e effect of OA and its derivatives,
simple pels containing ddl (29 wiw), HPMC (4% wiw), OA and
its derivatives (OA LA, OALE and OATANS) were prepared uun.

was Al stage of sedatica and free of pain, The pig was then
ewthanized with Eutha-Naze® (Bayer, lsando, South Africa),
commining sodium pentobarbicoee 20 mg/ml, dosed at 1 mifkg
and adminisiered imravesously at a raped rase; Generally, a saste
of death wis schicved wilh about 10-15 ml of Eatha-Naze, Buceal
mucosag, harvesied from euthasized pigs, were appropriately
excised and preparsd) for the permestion experiments. The
thickness of the buccal mucoss was 665 + 72 pm (CV = 8.3%)
For buccal permeabelity susdies, the buccal mucosas wers
wrupped i foil, spapfmzen in liqoid altrogen und then siored
in & hio freezer (-85°C) uunl lunhu Use within three moaths
seonding to previous repom

In vitro permeation,  Frozen bucca) mucosae were allowed to
thaw anid equilibrated in phosphate bulfer saline (PBS) pH 7.4,
Franz diffusion celly [Pcmeﬁw Inc., Betblehem, PA} with a
diffusional area of 0.786cm’ were uwd for permestion expesi-
ments. Ihe buccal was 4w the diffusionsl sren
between the donar and recepeor cells and was equiliraed with
PBS w1 37°C. Initially, just the &dl gel, in the absence of any
enhnncet |fumu1mmn Fl) and presence of OA and the

i derivatives, Le. OAl A, Oo\lE and OAIANS,

13 wiw ot either OA or esch of the demvanives. The comps

of the prepared ge! formulations, in the abs of the enhancers
und in the presence of sither OA or its derivatives are described.
Briefly. HIPMC (4% w/w) was weighed and mixed in a beaker
with sufficient guantity of purified water, Furthermare, ddl
(25 wiw), weighed was separately mixed with & small guentity of
punfied water and added 1o the HPMC, The ge! formulation was
then mude up to weight with further punfied waer and then
stirred on o magnetic stirrer until ull dissolved and was coded as
formulstion F1 Eoch enhancer, ie, OA. OAIA, CAIE and
OATANa was separately weighed and added 1o formulation ¥ al
o concentrstion of 1% wiw to foem the druglenhancer gely and
were coded as formulations F1, 3, F4 and F5, respectively. For
the. coocentration effects experiments, the compasitions of the
peepared formulslions are described. Briefly. dal gel in the
ahseoce of the enbancers (e OA and its. derivatives) was
prepared as per formalation F1. OA at varying concentmtions of
05, 10, 20, 40 6.0 wiw were weighed, and separntcly
meorporsted. with o sufficient quantity of formulation F1 10
make the fequired fonmulations Fa, ¥7, FB, F9 and FID,

formuiated a1 oaly pee gel ¢ iom as fi dations F2, F3,
F4 and F5, respectively, were employed in the permemion
experiments. Briefly, the donor compartment contzined either ddl
(2% wiw HPMC (45 wiw) gel alome of in the presence of 1% w/
w of either OA or its oleedendrimer dessvitives (OATA, OALE
and OAJANa). In the subsequent ie. the

tration elfect swdies. ddl gel in thc presence of either OA
or OAIANa, at varying concentrations, (.5, 1.0, 20, 40 and
G0% wiw, was placed in the donor compartment. The receptor
compartments were lilled with PBS. Sampies were removed

from the receplaor compartments at predecermined Lime intervals

and repisced with the sume volume of PBS (drug-free). Each
experiment was undertaken using a misimam of tiree replicstes,
Al was quantified by a validated UV Speccropbotometry method
M A Fpes Of 2500nm (UV Sp iph 1650, Shimad,

Kyoto, Japan | as employtd by previous buccal permestion studies
with ARVS such as odf* and ddC“ 25 well ag other drugs
including ondansetrve, galantamine™ 20d carbamazepine®’.

respactively. Similarly, OAIANa in varying of
0.5, 10,20, 4.0, 60% wiw was each added to 2 sufficient quantity
of foemubstion F1 to make formulations F11, F12. FI3, F14 and
FI5, respecuvely. Each prepared foemulation was stored in an
airtight amber conainer.

bhiliy data analvels,  The cumulative amoom of ddf
p:vmmdmunnwvf&eama*enusnmwplomd The
steady state flux (1) across e mocosal membeane was
determined from the linear pam of the penneation graph by
linewr rog analysis (M 1 Excel®, MicresoR Office

TGHTE L vl
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2010, Inc. Redmond. WA). The permeabelity coefficsent (#) was
calenlated using the foliowing squation™:

F=?XPJ'JW'C4 (n

where dQVdr is the o (@) of ddI per d per
unittime (1), A 1s the active, cross-sectional diffusion area and €,
15 the drag concentraion in the donor compartmest. The effects of
OA, OALA, OAILE and OALANa and the vanous concestrtions

Oleie woid denvanves as huccal permection enkancers 5

high resction temperature and the wse of thionyl chloride, a
hazardous chemical, In this wark, the symihetic mechodology was
successfully modified by the use of muplmg agents, nume&y
DMAP and EDACHCL This synthed
woidance of thicayl ehloride to transform OA inte oleoy! chlonde
synchesis ot yoom temperature instead of [10°C as well as »
reduction (0 the number of steps involved in the syphess of
OALE and the other OA derivilives,

The structures of the newly synihesized compounds by the
modified method werr confimed by 'H NMR and ''C NMR

of OA and OAIANa on the permeability of QI were eval 4
The ulunmneu i (ER) wis calcolated uszng the following

equatinn®:

” P|Enhancer)

Ll PiNoenhancer) @
Morphological  evaluaions  wsing  lght /ulrmu'opv wref
fransmission  electron  mi wpv.. Histalogical

were performed on freshly harvested, excised buoeal micose
Untreated buccs] mucoss was transtferred dirsctly after excision
fram noeenal salioe into 10% buffered foemalin without uny
equilibracion in PBS and served as the cootrol. Treated samples of
the buccal mucasas comprised of those that were exposed to PRS
anly, oc ddl gel formuiation with and without OALANa 2 varyang
cancentmtions of 05, 2.0 and 6.0% wiw. Pentwation experiments
were perfarmead as descnbed in previous. studies. wilhout drug
quantification” 4 . Al the end of the permeation experiments,
the buccal mucosa was cul into cross sections, For light
microscopy (LMD the samples were fixed i 10% bulfered
formalin for seven days. washed in water, dehydrased using an
ethanol gradient and embedded in .gam'ﬁn wax usleg peeviously
descrived standand procedures™ 1%, The sections were collected
om slides, dried and stsined with hematoxylin and eosin (HRE),
Sections (In 1 pm theck slhices) were examined using a light
microscops (Nikon B0k, Kenggmau. Japan), and bright field
images were caplofed using NIS Elemests D software (Nikon
Instruments Inc. Melville, NY) and & camera (Nikoa U2),

The sumples for transmission electron micooscopy (TEM)
were obeained after the permeation experiments described above.
They weee cut into picces not excesding U.8 min’, and fixed foe
240 (4 C) using 4F plutaraldehyde fixative buffered to pH 7.2
Sumples were pmcwed and embedded in epoxy resm gsing

R hin sectioas (90nm) wese out and
cmtmlzd witly mnryl acetate and lead citruie and viewed with a
rinsniission electron microscope (JEOL 1010, Tokyo, Tapan). Al
expetiments were performed using 2 minimam of three repli

spectrascopic analysis and d 1o the sp opic data for
the OA dcnunve: synchesized by the original method from the
literanize'® The datu below show that (e compounds were
identical 10 tbe compounds prepared by the previously repocted
method™ ™, Therefore, the modified method in line with grees
chemisiry approaches could be wsed w successfully prepare the
OA derivalives,

JN DA terv-twrstoxyearironylethvl aminopropanin
(eompovnd 2|

"H NMR (CDICIy) 4: 1,44 (s, 18 H). 1.72 (g, 2H), 2.42 (1, 4H),
264 (1 2K, 277 (¢, 4H), 275 (1, 2H)

GAIE (compound 4)

'H NMR (CDCly) & 089 (1, 3H), 1.50 (m, 20H), 1.44 (s, 18H),
163 (q, 2H), 177 (m, 283, 204 (m, 4H), 234 (m. 6H), 2.49
(L 2H), 273 (m, JH). 4.09 (¢, 2H), 535 (m, 2H). “C NMR
(CDCY,) 6 14.10, 22,67, 24.98, 26,65, 27.20, 27.80, 28,09, 29.15.
2031, 20,31, 20.70, 2975, 3189, 33.76, 34.34, 49.3%, 50,13,
62.43, 8031, 129,74, 129.97, 171.96. [73.85,

OATA (comtpound §)

"H NMR (CDCly) A 089 ¢, 3H), 130 {m, 208), 129 (s, 188),
1,64 (m, 4Hy, 1,77 (m, 281, 2.01 (m, 6H), 235 (m, 6H}, 2.95 (m,
A1), 332 (m, 44, 216 (1 2H). 3,34 (m, ZH). 625 (be's, 2H) 'C
NMR (CDCly) é: 14,10, 22,67, 24,82, 27.15, 27.21, 29,08, 29.14,
2931, 2951, 29,58, 2967, 29.76, 31,89, 33.95. 48.53, 30.68,
35,40, 60.93, 129.72, 13002, 173,56, 179,50

in vitro buccal permeation

Effecrs of OA, GAIE. GAIA and OAJAN as permeation
onhiancers an the bucead permeabiliey of ddi

In this mul\. the permeallily enhancement pocential of OA and

Statistical analysis

The results, expressed s mean 2 standard deviation in values,
were amalyzed using one-way aaalysis of vanance and followed
by a Tukey's multiple comparison fest using GraphPad Prism®
(Version 5. Graph Pad Softwars Inc., La Jolis, CA). Differences
were considered sigmficant at p <005,

Results and discussion
Synthasis and characterization of novel oleodendrimer
derivatives.

The OA derivatives. Le. DALE, the OALA and the OALANa were
successfully synthesized by o medified method that excluded
harsh reaction conditions in keeping with the cuarrent trends of
greensr approaches to symhetic chemistry, The literature reported
procedure for the symthesis of OAIE from which OAIA und
OA1ANa were subsequently derived in this sudy™ required a

its ol drmer denivatives, |e. OATA, OALE and OAIANg, as
novel buccal permeanon enbascers 1o enbance the buccal
permenhility of ddl s reported. The cumulative wmounts of dd]
permeated aver six hours, its in vie penmestion parumesers in the
b of any enh and in the p of either OA or the
mavel pleadendrimer derjvatives, ¢, OATA, OALE and OAIANa,
are shown in Figure 2 and Table 2, respectively. The flux of ddl in
the absence of any of the enhancers was 46.57 + 10.15pgem b,
This Nux was marginally increased 10 60,08 + 1034 pgem ™ hin
the presence of OA, the parent compound with ER of 1.29,
although the increase was pot statistically sigmilicantly different
from that of the control (p » 00673), The flux values for &d1 in
1he aof OA desi i OATA, OAIE and OATANa
were 4657 +493ugem Th, 61884975 ugem T h and
80304+ 1037 pgem ™ h, respectively, with ER values of 1.01,
1.33 and 1.72, rexpectively. Therefore, these OA derivalives wene
able 1o enhance permeution of ddl, with OAIE and OAIANg
specifically having higher ER values than the parent OA itself.
OAJANa with an ER of 172 hat the highest pesmestion-
enhuncing effect as compared ta OA, OAIA and OAILE
RIGHTSE |
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Statistical analysis showed a highly significant  differeace
(p = 0.0004) between the flux with OALANa when compared wo
the coptrd (dd] withowt any ehsncer). A highly significam
difference was also abserved botween OATAN2 when comypared
o OATA (p<0.0001) as well s to OA (p<0,0001). Mareaver,

Tirig Dev dad Frarrs. Ealy Onliews | 12

tiflerences between the GA)ANG and the other two denvatives
With  available literature  fdings on _ percutancaus und
oro-mcosal ion and the exper | vhservations in
thes study. & liscussion 10 correlate the stroctuml effects of OA
dmvnuve; an the permeation of ddl through pmonc buceal

. The ch sty mass,

there was an averall significanr difference (p=00116) b
e permeability enhancing efficacy of OAIA and DALE when
compared with OATANa (Table 2). In compatisons (o ofher

HLB, Lng P... ad ER,.,. for the novel derivatives are shown m
Tables | and 3. The busic structural difference (n the three
OA deavaives fs that OALE has o branched déester functive,
OAIA 15 & tdicarborylic ool end OAJAND is @ bicephalous

framionic sarfactas, These structunal differences of DA deriva-

studies, the | hility enh nts ob | in this stody
were consistent with data from the previousty published lilersiure

wlmm h The buccal | p nlity of
1l i In n gel Far incorp d with OA &5 un

enhum.er‘ was muusai by 1-6-fnld a5 cnmpnmd 10 gedy withowt

, Jower p hility valnes have been
reported where OA wis u;ed foc dmg permeability enhascement
ucross the transdermal route”™™. In o recent study reported oa
OA’s ephancing effest on DS, OA enhanced the transcermal
permestion of DS {ER = | 87)°® This is comparuble to the ER
obtained for OA's enhancing effect on ddl in this study
(ER'=1.26).

tives along with their physicochemacal properties ase taken (n1o
cansideration 0 comelate strocturul effects on huccal permesbil-
ity. Based v this. OAIE showed higher ER a5 compared 1o
OALA, which nn be atribused 10 the higher hmphnlmly ol
OATE than OALA", The results correlate with previous findings
where n has been observed thu an increase i hpquullcuy results
noan i in trinsd per o of

OALE b5 a branched serr-hutyl ester fnm.(lm at ils periphery,
whach may hinve contributed to enh ! ol e ian since the

Drugs generally can use zither the p lular or Lhal

beunched diesters can provide bester pevmcauon enhancemnent®’.

pithwsys ar boch for permeaning the liposdal membrene and
cahancement across the buccal mecasa™* ", Hydrophilic drugs, in
panticular, can penteate the lipoidal membrane vie the paraceli-
bar roste, FAs as CFES can improve the permeabality of drugs via
the puracellular pachway™ It has been postulmed that OA
enhances permeshility of deugs across the membrane by disnpe-
ing the lipid struciure of the b ing solabilizanon by
the [ of micelles 10 create ag channels, One other
profable mechanism is that FAS cause extraction of the inter- and
intra-cellulir lipids and pr of the orane”’, therehy
cansing an increased fluidity in the Various

could be atribated to the observed permeution enhancement

OALANa showed the highest ER amongst all the thres decivatives
although less lipophilic, Tis higher ER as compared 1o (he ofisec
two derivitives may be due 1o 8 combanation of effects, It may be
due to its amphiphilic pature and surfactant characteristics, which
OIAE and OATA lack, Like other surfactants soch =5 sodium
Inaryl sulfate, OATANG might have showed effects ke
disorganization of the entire membrane architecture due to the
cxlnnbon o tbe inter. 2nd intra-cellular lipids and procsine of the
me the of i {ITIEY spm,cs and the msertion
of OA | AN# molecules inta the tipid structure®, whech Bacilitated
betrer permeatson of the drag through the hpld bilayer. These
results ase I good agreement with previous studies where oral
mucosal shsorprion of lidocsne npmﬁumly Increased in the
prasence of o surfactant derived from FA® Tn addnon w0 the

7001 & Convol disraption of the Liptd bilayer by the FAs, nh: sodaum derivative
aoo o W OA could have an added advantage of jonic lmzrnums between the
E -+ OATA_Na free Nu™ sans and the negatively charged sialic acsd residucs of
ST 5004 - oaA mucia on the PIUCORMS that may have further abtersd lbc
g + OAIE membrace permeability™. This is proposed as an add
? 400 1 inechanism since bn contrast, OALA asd DAIE are acidic und
ester caompounds. respectively, and dacked the Na* ions that may
278 3001 have csused the iomic internction hetween stalic acid and the
§ 2004 enhancer & in OAIANa. Funthermore, similor (stersctions have
=
(=)
160 1 Table 3 Laog Pyigaw, HUB md ER 1y, of the OA derivatives. Le, OALE,
b QALA sad OAIANG.
LU 2 3 4 5 B Derivative HLB Liog Pt rasns £Ry..
Tommn OAIE 4w 4l 19
Figin 2. The effcct of OA. OAIE, DAIA st OATANa 0 e Oajang by o e
cumulazive amiuie of ddi permented scross the buccal D : :
Tahle 2. Permeabiliay pacametsss of the OA. DALA, QATE sad GATANS as anvel buceal permeanon enhancers for i (Mosn + SD; o =3
Amcunt permeated Flux, J,, Permeability, P x 10" Enhancemem  Value for
Tesanmes (ngem™ 'y (gcm k) temh ") ntio {ER) fhux, J,.,
Control Didanosine 3807 + 106565 4557 & 0,15 23821056 - -
Enhmier | QA 415864771 o008 10,34° 30 £057 129 00674
Enhmcer 2 OALA MUK 4 5796 4657 54" 2344027 1.0t 0.9747
Enhesacer 2 OATANS 56716 £ 8036 0 3¢e 1027 4002057 172 D004+
Enhanoer 4 DAl 433,56 26699 oL U7y 1084053 L33 nA36
'@ versus b‘ Iy i ditfeseace (p= 05}, in the (Tux values of the endancers comparad 10 the contral,

R vers ¢ m'mu ;mlux:nn, ulmn:- difference (p < 0.053 In the flux values of the enhancors compased 10 @e comml
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been reported In previous stadies where internction of the
enbiancer with the sialic scid resiclues has been proposed as a

chonism of p Iy Le. 2 cationsc charged
molecule with the mucosal layer™ .

The enhanced transhuccal permeatlon of &dl in the presence of
OAIANs is therefore presamably atiributed 10 the disruption of
the lipid bilayer a5 well as the tonlc interaction between the
sodium lons amd sialic acid of the mucosal lining.

It has boen reported that the log p valuss and HLB sumber can
play an kmponant sole in differestiating ERs, fus and perme-
ahiliey coefficsent values™. Moceover, it has been shows thit the
ester derivarives Bave bolter enhancement potential than the scid
derivativas’®, HLE and hydsophilicity onder of OA derivatives
wins OATANR>OAIA>=OAIE (Tahle 3). Significant increuse
(p<0.05) in ERy,, with OATANg (ERy,, = 1.72) was chservod
than with OALE (ER,,,, = | 33}, From this observation, it can he
concluded that 25 increase in HLB value and hydrophilicity of OA
derivative, Cue to conversion int 2 surfactant molecule, resulted
in inereased ERyq,, of ddl with OA | ANa, However, ERj., value
with OATA was lower tham with OALE though the HLB and
hydrophilicty of DALA was more than OAIE. These comtrasting
resalts may be due (0 the fact that DALE and OALA o Tipidic
structures et by the same mechanism of action like other FA
derivatives® and DAIANz 25 2 surfsctant also acts by a
mwechanism of action simitar 1o other surfacrant like molecules™,
It should be noted that the difference in ERy,, of OALA and
OAILE was not significant (p>0.05).

Anccher abservation Is that there was no lag time in the
permeativn profiles sbeained for the enhancing effect of OA and
its deravalives on &l permeubality (Figure 2). By nature of the
permeation-enhancing effect of the cnbancers, the cell luyers
would have beea disrupted, hence reducing asdior removing uny
lag tme that the drug might experience. Fenbermoee, as ddl is
hydrophitic, permestion may be vie the pamceflular pathway
thereby further reducing the lag time despite the thickmess of the
mucasae. Simitar lack of lag times during boccal permeation

200 +

- OA_ Flx
E @ OA'ANa_ Flux
,.% 150 4
2 1004
2
é
0 T v v T T 1
] 1 2 3 - 8 @

Concentrascns {%w/w)
Figure 1. Concentration eftects of OA and OA1ANS om the flux of ddi.

Oieic acid devivatives s buccal permeation enbancers 7

studies on vanous drigs inchading ditl, Iklocaine and tenafovir,
usiog  porcime  buccal  mecosa Bas been  repomed
previously > Sh e

[n this soady, it bas therefors been shown that OA and its novel
derivasives, Le. QATE, OAIA and OAIANa, to 8 different extent
enhanced the buccal permeabolity of &dl. The oloodesdrimer
derivative OATANS further had the highest enhanceiment factor
foe del as compared 1o the parent OA asd oeher derivatives

Effects af varying concensrations of OA and GAIANa an the
buccal permeability of adl

The shove swdy idennfied OAJANs ax baving the highest
permeation-enhancing effect. The effects of varying concentra-
Lons of the OA1ANa derivative wis then studied and compared 10
DA (Figure 3 and Table 2). This study also identified the
concentsation range at which it will be effective and potentially
safe for buccal permestion enhancement of ddl The permeation-
enhancing potentinl of OATAN, a5 shown by the permeability
praperties of &Il lecreased significantly (p = 0.0014) from
05% wiw (ER = 1.14) 10 2% wiw (ER = 309}, hut decrensed 2
A% wiw (ER = 1.53) and a1 6% wiw (ER = |.50), Similar trends in
the peameability properties of ddl in the presence of OAIANg
were also abserved for OA i varying concentrations {Figure 3
amd Table 4) Incrense in OA1ANS concentrations fram 0.5 10
2% whw led to increasing ER vilues bat furiber increases ut £ and
GF wiw led to subsequent decreases in ER values aml they did not
show any further eshancement in the ddl flux, and this was
similarly observed for OA Interestingly, the highest fux of ddl
was obtained for both OA and OATANG at the ssme coscentration
of 2% wiw

The resulis obuined in this study are similar 1o previcas
sudisy where incremsing the comcentratian of the eshnncers
increased the beccal penmesbility enhimncement initially, but
further i in c won led to d ip it
ity "7 Reasans for the trend observed could be due 1o
disrupion of the tipsd bilayer of the buccal mucasa pecurving al
the 2% wiw concentration to allow for optimum permestian,
whilst increased concentrutions 43 4 3 6% wiw coald have
increased the viscosity at the mucosal layer, resulting in fow druy
movement®. Higher concentrations may have also decreased
partitioning of dd1 from the gel. Previous studies that used OA s
a perineation eohancer have reported that the flux of paroxicam in
the presence of OA increased from 03% wiw 0 1% wiw but
decrersed ar 3% wiw'T The resvon attributed 10 1his was that at =
5% wiw OA concentration, the presence of a large amount of the
FA could have slowed down the partitioning of the drug our of the
gel base, thereby raduciag the p )

eahility rate of poroxicam’’.
The maximum ER value for OAIANa obeained (ER « 3.09) is
similar 1 and in some cases higher than ather reported CPEs
stated zs being promising enhancers foc buccal permeation. ¢.g.
3.2 for propylene glycol und dodecyl-2-dimethylamino proplonite
HCE with ondasetran™ and 1.8 for sodium dodecyl sulfate with
caffeine®, Tt has been previously shawn that the novel derivative,

Table 4 Effects of concuntrations of OA sad OALANG on O jurmeabidity porameters of &dl (mean « SD; n3)

Cyrts st p d, Quu (pgem 7} Fux, L {pgem”* hl Ersancoment mtlo (ERY

Conerl 23847 £ 70.00 65T = 116 -
+ 1015

Concentratives |7 wiw| 0A OALANG OA O AN 0A OATANG
105 EL1PY) 2458 4919 4550 52182 686 1as IR
13 41927 567 4 40 HOL8 1 1151 A0S0 1133 19 172
121 196+9) 9704289 TE804 1203 1430025354 154 e
14 400 2 105 S0K 2 126 498541050 NS0 7 155
161 802+ 34 450 1 106 613744638 6991 & IR26 14 (R
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OAILE, wed in this sudy could enh the ! J

h on the bccal mocosse after drug  permestion

petnestion of droes™, The ER of the OAIANn derivative
compares with the vleodendrimers reparted in that study. The ER
wmnged from 2.02 o 2,58 for alecdendrimers with the amide
linknge. Inserestingly, these ER values for ransdemal permeaticn
(2.02-2.58) ase Jower than the ER values ohtuined for OA| AN
(ER = 5.089) This can be due to the higher | bitity of the

smdi;s“""“'

In this study, the effocts of OALANz, being the buccal
permeation enbancer amongst the three OA derivatives studied
with the highest permealslity coeflicient and flux values, were
investigated using LM and TEM, It must be noted that the barrier
function of the stratified epithelium londs bsell 1o = “rebound'”

buccal macasa tsan that of the skin; since the skin unlike the
baccal 15 ! and the application site in the skin
layers could he (hlclu:r and gnal.er thm pnsmg mare challeges
for drug pel ¥’ In odd of the N2*
ions with segatively charged sh(lc acid residues and the mucia
moiecules may have furtber led 10 the higher ER value for buccal
permeation.

Thas study has identified for the first time & novel d:nvam: of

effect afier proleeged exposure t 4 drug, which was not assessad
In this study. However, adequate information can be ohtained
from LM and TEM mmages to determing whether the tissue
suffered permanentirreversible damags after expasure to the drug
and enhancer teatment™ .

The marphology of the porcine buccal mucoss his been
described previously, amd its churscierisiics resemble that of the
humen buccal epithelivm“**”. The LM: and TEM- treated seciions

OA, OATANS, #s an effective huccal per
therely adding to the pool of CPEs for buccal delivery of Jal and
other drugs.

LM and TEM for the histomorphological evaluations of
the mucosa

Permeatson enhancers can play a rode in the improvement of the
permepbility of drugs, hawever, their ssitability meeds 10 be
established as they may have membrane damaging effeces™.

Buccal delivery imvolves retention of the drug delivery system oo
the buccal mucesal site for diffusion 10 occur across the mocos.
Hence, the basal membrane of the mucoss must remain intsct o
ensure an effoctive diffusion of the drag. LM and TEM have been
used in the Hierature (o assess integrity of asd histomotphologlcal

Plgure 4. Phoeomiciogeaphn of the comrol
lentreated) and treated boceal mocosal
sections staiged withh HEF (LM): (A) controll
unfreated (SL: mperficaal layer: PL. grickle
leyer; BL: basal Tayer; and CT; sonnective
tissue); {B) ad! gel (in tae abwence of any
enhacers) (C) &8+ 0.55% wiw OATANE
(D} ddl + 2% wiw QAIANG and

(B) 31 + 6% whe DATANA,

were parsd 0 me 1« In LM i 9 1he
umn.'nlul & bled that of a normal non-
leed ifeed layer, and the basal cells

appeared oval and Mfy staiosd in H&E (Figure 4A), Hence,
the cells observed in the control sections could be regurded as
healthy celis, The cells observed i the 0] gel-treated macasas
(Figure 4B) resembles thase seen in the oonieol, therefure
confirming that ddl gel and the excipients In the formulation
did not adversely affect the mucosa.

The cells of the mucosa treated with ddl+ DA TANS 0.5% wiw
(Figure 2C) closely resemble that of the coatrod (Figure 3A)1 and
the ddl gelarested mucosse (Figure 4B), This shows that no
ndverse effect was displayed in the cells of the macosa wenied
with OAlANa 05% wiw. M e of the
comtrol, 4l and ddle OALANS DS whw mucosal sections
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were all similar suggesting that no adverse Influence of (dl e
OATANa a2 057 wiw in the tissue morphology was evident, The
outermost fayer of the sratified squamous epithelium. basement
membrane, linina propess and submocosa were all incact in both
e reated and untrealed mucosee (Figares 3A-E). Therefare,
OALAND 0.5% wiw had no sdverse effect om the buccal mucosas
There were po morphologhcal changes vbserved in the mecosae
treated with ddl alone (Figure 4B} amd those treated with
ddl + OAIANa 0.5% wiw (Figure 4C) The superficial. prickle
and basal cells all remained intact, and oo loss of the seperficial
cell tayers and oo formation of vacuoles in both the prickle snd
busal cells were observed.

However, the neatly aligned cells sbserved in Figume 4(A
ul B), which are the contral and ddl geltreated mocosae,
respectively, appesred i be interspaced in Figures 4C-E, which
are ddl + OATANa 0.5% wiw, ddi+OAIANG 2% wiw and
UAl+OATANG 6% wiw  trested mucosse, respectively, The
Increased intescellulae spaces (Figures 4C-E} could be attributed
to the permeation-enhancing eflfect of OAIANa. Furthermare,
the intercellalar spaces betwoen the epithelial cells increased
with an i i the joe of OAJANa from
0.53% wiw 10 2% whw and funhev incressed wnh ddl-rOMANa
6% wiw (Figures 3C-E).

Olcic weid dernvanives w8 buccal permwation enharcers 9

In TEM investigations, an mn-depch ultrastroctural analys:s of
the celiular oeganelles of the buca! MICOSH Sections is made
possible. TEM wax therefi e w conlinn the effect of
the movel derivative OAIANa on the cellular organelles of the
buccal mucosa that wiss observed a1 the LM level and reporied
whove. The i of the i buccal (contml)

howed regulsr nuclear profiles with clasely packed cellulal walls

2nul well-armanged desmosomes at the gap junctions. The muclear
outlines appearcd regular in the control buccal mucosal section
(Figure SA),

Both the ddl and OAJANs 05%w/w treated mucosae
resemnbled the control section by way of their regular muclesr
outlines and ahsence of celiulir dastortions, The mitnchandria
appeared dense in boch the ddl gel weated mucoss (Figunes Bi and
Ii) :md the OAJANa 0.5% wiw treansd mucosae {Figuee Ci),

Ihay howed slight el tranalucent clearings withm
e mitock Ani inthe Llular spaces was noced
with ddl gel oaly (Figures SB) as well as &l + OALANs 05 and
25 wiw wreated muacosas (Figures 5CI and Di). ‘The increased
intercellular spices observed could be airibated o the pantitioning
af the penreant (ddl) as well a5 the enhancing effect of OALANL

A permeant can ase either the peracellular, transcellular or

bath pathway b for permeability enharcement’ ™. The

and

ﬁmnnmwereehwvedlnﬂepmﬂcluywsulm h
(rested] mucosze compared to the conrol and  drug<treated

When pared 0 the ddl 4 OALANS 055 wiw
treared imacosse. increased formation of vacooles, swelling and
Increased inercellular spaces in both the basal and pexckle cell
layers wers observed in i ¢l + OATANE 2 nnd % wlw nwed
mucosae  (Figures 4D-E)l. The prog 7 ical
changes observed In treated cells could therek plai lhe

in the llular spaces did not dsmage the gap
juncliom- u evilkm by the p of the d
the sppeared  mtact  in  the
0dI +OATANa 2 wiw teated mecosa (Figure SDii). This may
indicate that the highest permeability observed at this concentru.
ton Jevel could be via the pamcellular wransport pathway.
Surmmns cin disrupt the lipid bduyemhe mnm membrane
of 1he bhucesl . ion in

increased permeation of ddl observed i ihis study mlh

intercellular spaces can lesd o an :mmn o{ the OA1ANS

OATANz at these concentrations (Figure 3). 1 in

lecules: i the lipid structare™, which can encoursge

il vocuvle formation may alw be anrbutable xuunuh
tion of both drug and enhancer (n e mwcosa cells without
the Joss of the superficial layer. Incressing permestion was
observed  from  dél+ OAJANG D.5% wiw 10 ddi+ OAIANa

Swiw, which coarrelates with the  lncreased  intervellular
spaces, formation of vacuoles und swelling observed ar these
TWO CONCONEaioens.

There were clear dislinctions detween the cells treared with
dal + OAJANa 2% whw (Figure 4D} und with ddl + OALANG
6% wiw (Figure 3F) The cells trested with 6% wiw vere not as
darkly swinsd as in the control. 0.5% wiw and 2% wiw treated
cells. They showsxd probable reduced mitote activity in hoch the
prickle und basal layers, which may prevent diffusion of the drug
acrss the basal cubosdal cell layer. The partibaning of drug
across the hiological membrane s possibly due to the matotic
activity in the mucosal cells, Thas, if a disruptson is shown i the
cells, sach that cell organefles are disorganized. there could be a
m!uced mitctic nctivity and heace reduced pariitioning of
drups™, Evidence of disruption to the oell organelles could
indi lack of partizioning of drugs into the wembrane, hence
lack of drug transpart by diffusion scross the membrase. This
slight recluction in the mitotic activity observed in ibe basal cell
layers could have led to the reduced permeability observed at the
higher  concentration  (ddl + OAIANA fewlw),  Wah
1< OAIANa 6% wiw trested mucosae, the basal cells were
addivonally ned Lotally oval in shape, showing some destortions in
the membirane. However, any damage to the mucoss is considered
non-per as the can g from its damaged
sthfus by renewed growth of the mocosa from the germinal
layer™. The results of this study corralated with tesdds ohserveil
in the concentration effect of alce vera ge! 0 the emhancing
properties of &l hat was repocted previousty’!

the enhanced  permeabuiny of drugs. Though uppemng
slightly swollen. no evidence of damage 10 the d

the gap junction could be seen excopt for increased m:undlu-
far spaces. This can also be die wlheulumcmgeﬂmol
OATANa on the buccal permeability of ddi'™” While the nuclear
envelope  appeared  slightly iregular &5 cbserved in the
ddl+OATANa 2T wiw tressed mucoss, cellular damage wax
ot evident. The nuciesr membrans showed stight distoction in the
oulines, which do nee differ much  (rom ths of the
ddl 4 OATANg 0.5 wihw treated However, lati
of Ibe nuclear envelope wus observed in the ddl+ OATAN:
6% whw (Figure 5],

In this study, LM confirmed (st there was no adverse ¢ffect
and no tissue damage as a result of the ddl gel when used alooe
and when in combination with OATANa 0.5 and 2% wiw excapt
for the OAIANG 65 wiw where adverse effects were observed,
TEM revealed similar effects of OAIANa an the mucesa ws
nhwrved with the LM Since Ihe mucosa was not adversely

flected at these W e 0.5 and 2% wiw, OA!ANa

could be used at these 10 enh the p hillty
of ddi. In permeation nrudlch OAIANs was ilentified as the
enhancer with highest ER for odl, Based on these results
OATANa = 2% wiw can be propased as un enhancer in a delivery
system since the exposare of CATANS concentrations up 1o
2% wiw did mot show any adverse éffects an the buceal mucoss
amdd  simultaneocsly  displayed  the  highest  permeability
enhancement.

Conclusions

The dervatives of OA were successlully syntheszed incorporat-
ing the use of 2 coupling agest, ie. DMAP and EDAC HCI, which
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Figaae 5. Electro-micsopraphs of the control A
(onereated) and treaed ulra-thin beccal
Mol soctivas (TEM), (A} coatsol/
unweated, (Bi and u) 4l gl anly (in e
absenor of any enhancersi. (Ci and 1)

U 4 05T wiw OATAN: {Di zad i)
difl + 25 wiw DATANI: (£) &) 4 6% whw
OATANS

climinated the we of thicayl chiorde and high  reaction
temperacures as well as reduced the aunsher of synthetic sieps.
This study cleasly demonstzated that OA and its novel derivatives,
te. OAIE, CATA and OAIANa could enbasce the bocesl
permeability of ddl. All the novel derivatives of OA that were
explared and repocted 10 this study iekrensed 1he  buccal
permeability of A&di, with the OAIANG desivative having the
best enhancing potential than cther deivatives and Its parent
compound, OA, OALANS 2% wiw displayed the highest flus and
permeability for ddl across the buccal mucosa with 2 ER of 3.09
more than that of the ddl alone. The permeshility énbancing
effects OAYANS a8 o movel buccal permeation eshancer for ddl
Was shown to be concentmtion dependen [nterestingly. both OA
and OA1ANG also showed a similer trend with Mux values 25 their
concenrmtions were increased. Maximum fux for both OA and
OA1AND were observed at 2% wiw with ER values of | 44 and
309, respectively, The morphotogical changes reported in this
study, Le. vacuoles formation, Increased interceliular spaces and
swolling were atinbuted to, and cornelatad with the permetion-
enhancing effect of the novel OATANa derivative. No adverse

Drug Do Ind Pharm Daly Ovhae: 1-12

effects were observid in all veated and unirested mucosae in this
stuxdy. The novel OA derivintives show potential for the enhance-
ment of the boceal peameabyility of ddl and can widen [he pool of
CPEs for boccal delivery of various drugs for diug therapy
oplimization
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Method

IVIVC is established by companag the in-vitro dissolution
curve with the drug input mte curve, which may be obtsined
by various methods of mass balance model techniques; such
83 Wagner—Nelson procedure (in case the absorption curve
adjusts to a model of one compartment) and Loo-Ricgelman
method (in case the adjustment is significant for & mode! of
IWe compartments), or by model-independent evaluation
using pharmacokinelic parameters. The ‘simplest way of
demonstrating IVIVC s to plot the fraction absorbed in vivo
versus the fraction released in vitro, The results of in-vitro
und in-vivo drug release studies were correlated, and their
regression coefficient was caleulated.

Results

A corvelation of results of in-vitro and in-vivo drug relcase
studies was eswblished; the correlation coefficient was
found to be 0.985 and (.949 for olanzapine and anpiprazole
microspheres, respectively, and 0.949 and 0.947 for olanza-
pine and aripiprazole in-situ implant formulations, respec-
tively. The above values confirmed a good correlation
between in-vitro and in-vive drug release data.

Conclusion

The results showed that there is a good correfation between
in-vitro and in-vivo data. Therefore, it is strongly recom-
mended by the suthors that this method should be critically
examined and validated and can be inciuded in the regulatory
guidelines for the prediction of in-vivo pharmacokinetic data
from the in-vitro data of the depot formulation with different
drug release pattern, This will belp in minimising the in-vivo
studies and will be helpful during the development of such
kind of formulation,

Reference

L. Chu DF et al. Pharmacokinetics and in viro and i vivo
correlation of huperzine A loaded ~co-ghycolic acid)
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Exploring the effect of aloe vera gel on
the buccal permeability of didanosine:
permeability and histomorphological
studies
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Introduction and Objectives

The aim of the study was to determine the effect of slos vers
¢l (AVgel) on the buccal permeability of didanosine {ddny
and to assess its histomorphological effects on the baccat
mucosa, Buccal permeability can be improved by the use of
penciratica eahancers; thus, effective and safe enhancers
need to be identified. AVgel has been reported as a potential
enhancer for intestinal'! and skin! permeability; however.
data on its buccal permeubility are yet to be reported,

Methods

Ethical approval was obtained from University of KwaZuly-
Naral (UKZN) Ethics Committee (Ref: 006/09/Animal), In-
vitro permeation of ddl was studied using Franz diffusion
cells and porcine buceal mucosy with phosphate-buffered
saline (PBS) pH 74 ar 37°C. Varying concentrations of
AVgel from 0.25 to 6.05 w/v were investigated. ddl was
quantified by nliraviolet (UV) spectrophotometric analysis,
Flux values were calculated using lincar regression analysis.
Histological investigations were undertaken using light
microscopy. Dats were analysed using ome-way analysis of
viriance (ANOVA) with Bonferroni post-hoc tests.

Results and Discussion

The amount of ddl permeated with an increase in AVeel is
shown in Figure 1, The initial flux of ddI was 293 jg/eni’h
and was increased significantly (P < 0,001 ) with an increase
in AVgel concentrations from 0,25 to 2% w/v., However, the
flux values decreased 10 84 and 62 pgfem™h with further
increases in AVgel concentrations of 4.0 and 6.0% wiv,
mpecliveljy. Similar trends with other enhancers have been
reported. ™ No major differences were observed in the
thickness of the epithelium, cell architecture and cellular
alignment of the mucosa in both the control (nommal saline)
and the treated (PBS/dd] or ddl/PBS/AVgel) mucosae.

Conclusion

The permeability of ddl is dependent on the concentration of
AVgel. AVgel in combination with dd] does not adversely
affect the epithelium and basal lamina of the buccal mucoss.
A\’gelcanbeoomidmdlsapotenti.lbumalpcnneaﬁon
enhances,
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Figure 1 The effect of alos vers gei concentrmions oo didisasine
permestion.
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Preparation and evaluation of
mucoadhesive polymeric films

for buccal delivery of anti-HIV/AIDS
drug (didanosine)
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Introduction and Objectives

Antiretroviral (ARV) drugs, such as didanosine (ddl), are
availuble for the oral route of administration only. Its buccal
administration may improve bioavailability by avoiding
hepatic first-pass metabolism and gastrointestinal degrada-
tion. The incorporation of an ARV into a buccal delivery
system has not been reportedt. This study aimed to prepare
and cvaluate ddl containing homopolymeric and mono-
layered multipolymeric films (MMFs) with polymers of
similar and opposing solubilities for buccal delivery.

Methed

dd|-Joaded monopolymeric films with hydroxypropylmethyl-
cellujose (HPMC) or Eudragit® RS 100 (Evonik Rohm
GmbH, Darmstadt, Germany) were prepared in varying ratios
using a silicone-moulded tray with individual wells. HPMC
films were prepared by casting/solvent evaporation and EUD
films by emulsification casting/solvent evaporation. MMFs
comprising of ddl : HPMC : EUD in varying ratios were
prepared by emulsification/casting/solvent evaporation.
Films were characterised in terms of drug content (UV
spectrophotometry) and drug release (shaking water bath).
Film thickness was measured with an electronic digital
micrometer and surface morphology assessed using seanning
clectron microscopy (SEM).

Results and Discussion

&l : HPMC (1: 0.5)-only films were homogenous and
cxhibited immediate relesse profiles, ddl : EUD (1 : 2.5)-
oaly films were homogenous, elustic and flexible and showed
ontrolled releass profiles. The incorporation of ddl into

A35
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Figure 1 Effect of EUD on drug release peofiles from MMFs.

MMPFs with polymers and drug of opposing solubilities
ddl : HPMC : EUD (! : 0.5 < 2.5) resulted in homogenous,
clastic and flexible films with immediate release profiles.
Increasing the EUD concentrations fed to controlled releuse
profiles (Figure 1).

Drug content, size, thickness and weight of the MMFs
ddl: HPMC : EUD (1:0.5:2.5) were 97,65 + 5.78%,
2x3cm’, 0.187 £0.023mm and 108.65 +6.71 mg,
respectively, SEM showed the films 1o have a smooth and
homogenous compact surface before dissolution and changes
in texture and pore formation after dissolution.

Conclusion

ddI can be incorporated into HPMC monopolymeric films for
immediate ddl relesse applications. Homogencous MMFs
with drug and polymer (EUD) of opposing solubilities could
also be prepared for controlled ddl release applications,
MMFs with immediate and controlled ddl release profiles,
with improved flexibility as compared with the monopoly-
meric films, can be prepared. The various films prepared in
this study are potentinl candidites for optimisation of ddI
films as a buccal delivery system.
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Specific swelling behaviour of bacterial
cellulose composite as potential
candidate for drug carriers
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Introduction and Objectives

The aim of this study was 1o produce a biocompatible
hydrogel using bacterial cellulose as a natural filler in the
composite. Inteiligent hydrogels are being synthesised and

277



Journal of
, PP Pharmacy and Pharmacology

Volume 61 = Supplement 1 » 2009

278



APPENDIX VII

CONFERENCE PRESENTATIONS

279



.~

Km';‘:"“ *School of Pharmacy and Pharmacology, *School b Che dels Schood of Medid,
Unévarsity of WMHMLMMW

such as the lrypass of Etteral Clewrance fi S sy wes

o Watal Ethics Commities (30100 rmal)
theraty of drugs. and higher

Permeatibity than that of B ihey smiten soch 48 shin.

Oisatvartapes of anirewvvivel (ARY) drogs evode Waions wweh > Permesbility studies
¥ 'nlm s -“ I WD permrsstion of ddl and S4C, sach al 20 mg'ml e studisd using

m porcme’s buceal macosa md Phosphate Beffer Salive o 74 The stedios
Myﬁo‘nh‘mn WMMM“W e undertaken wing modfied verncal Frang dfusion cells at 37 °C &dC
il G0 ween Guaniifed by UV Spactreecopy st 270 nim and 258 sm

o) ang (i) ey
ot frem beccel Inshead of ordl sasiaistiatkon TePrdnch

F—. e
Protminary isvesthipaton were perfoomed using Lo Microscopry of the

« Yo e beccal of twe modet ANV, Le. Haseatonyin & Eosin slened sectivos of the porcing's buccsl mucoos
didenoaime (ddl] and zalcitatenw (900) and 1o ssass thelr Nstologeal sMects on exposed 1o druge and relwant coolroh.
the mucossl Sewus.

-
-

3 a o
Tima (Hra)
Ay o IS el A o iee heri el wea ead e pren
TRty 1he swad 0L 4 papmiarty

T | Porvnunin patananin of 000 and il |Durv s medintions mik 70 g ve. dats
.»--m-—uou -

Prg T Mt vt srhe of pcors bueed pracne A peetot iebieded B e
ebpetivd be @Pmen iy POE G samyie setivciet b Bvain i 06C O senpne
sckpecien 13 Bfuame IR Urtasted Toczas wa baed 1 ferrabe shaget o
T et WY bante) ERx AR Wy SOTbewe v PES S w41 01 IT <C,
e B oy Mgy ehesbion X0

Figare I shows the MAE secticns of the saciesd Succal Mucosss
Mmmwmmmuumm

Th- Bt e wirtace 3nd Eaasl lamica of
-mmuﬂm e not greatly aectad after & hours

Mo major " the of Teatnd FOS,
m-mmmwmamm-mm

« Fagirs 1 shows st both &IC and Sl pecmeated the Succal mecoea. Ths
- by wdes on Oelivary of gaC +*

© Permestiity costhosnt, I' and steady stale fux, J, wers froem
» wraigh fine coined with Iigure 1,

e sty Conn 405 s it hanha of 1 Tt 1. OeNTON T

+ Tho stoady st ox for O4C was highet Man for dd TH could be
ety S o S rmgeirompt st ireBlirsrioeamion! Didancsine and Zalcitabine therefore show potential for
A0S Ihat promele perrmmatisn acroas the swcme administration via the buccal route.

1 LR, Chan WX, (1899 Ady Drug Def Rev 23:85-103 © ASPEN Pharmasare ael Univwsity of Kwe-Zutu Matal. for Sanandlal sspgort.
2 Shapel AN, Khan M, Lm G, Khosravan R, (4399) It J Pharm 192; 130446 ¢ Bloowdeal Reacurce Urst, UKIN, for mucossl hareesting snd surgicel
3 MangJ.Fang X. L4 X. {2002) st Pharm. 231: 5748 Msroacopa.
Nwmuﬂ.\m for Ligst Misoscopy A image snslyvie
O Varster,

280



E Oiewole?, I Mackraf, xmwwtw
‘Scheal of Pharnmacy and Pharmacology, *School of Suiences, ! ity of Xwalulu-
mmmmwmmvmm

fE NR ORI, W aniroi st RV S, AR Seebiect g Approval (Ref. 020K Animsl) was obtained from the Animal
s e Al gt ba it arvpausindion mmmamumuxmwwm
SR sod IST Mg . Stody was wsing porcine buceal 2nd
dosage and frequency Frans ditlusion celf (PermaGear Soc. USA), wih phoshats buffer
"“""“""""""”""'“‘m (ANng o8 a 2002). saline (PBS) pH 7.4 at I1C, Varying concontrations of dal (5, 10, 15
and 20 mg'ml} were investigated over six hours. ddl was quantified
using UY Spectroscopy (A, 250nm, UVIGS0PC Shimadzy Japan|,

per
vmmamauhumun i
mmmmmmcmm
Nux vadue A of throe was
mﬂm

m "
» To examine the effect of donoe » d using one-way ANOVA with
permeation of ddl, USA)

mmmumxwu 18 for Windows*

EVALUATION OF THE PERMEABILITY PARAMETERS OF DIDANOSINE

. “O=legin wm

e

Shandy Sate Fhun ugion )
e

Amoant P armeses ugkn

L 1L x
Mnor Conceniraticn (mgiml)

Time %)

Fg 2 The efinct of Goner concemtintam om steady stats fhex of 0
|Masn 450 ME3 ¥~ 1492x + 6.032 R ~0.9557)

g V1 The efiect o Qonur conemtiralion un 98 perienalion (Mean 250, N2 3]

Taitle 1. £9Moct of donee contanttaBon om (ha permastitly peeatmelers of dil
My 25D N2 Y]

- ASPEN Parmatam s Univers®y of Kwa Ziske Wasal for Snancial supgort.

1. LEX, Chan WK, (1999) Adv Drag Del ey 30; 51103 < Boeeiical Besawrce Unit UKZN, Sor muocosil harvesling atet wse of surnposl
2 Snojeet A Khan M Lis G Khosrvan R, (Y959) (i J Phanm 193 159948
3. Xiang J., Fang X., LI X.. (2002} Int. J. Pharm.. 231! 57-66.

Lot UKZN for

281



€ SRR T isToroeicn o mickoscortcn, viuations €

mmua:m mn«dnj' K Akhundov?, J Hamman*, A Viljoen*, )Wuhy-SmRh T Govender® WATULD MATAL
*Schent of P Seheol of M SEM Uit 12 Durban, ‘Departiment of
L ical Sei Tuh University of Technology, vmmw,wwmvm Jupan

»Ethical C% e . bom the Animal Ethics Cammities
v Didhevosine (08] suffer severs b G 10 o m o ang
et .— ando s -: - " bility Enh Sludy  ddi (omgimil) and AVGel I waping
dmage 05 10 wnd 20 %) were stusied using postite booesl mecoss) Tesus
MN-"‘—“‘-"’"““" ans Prans - - butler aaline {PBS| pH 74 o IT'C. AT
P The il oot ek 3 1he Wypere.of W mnmm-—ndum
st pass Repatic nd gant
ety e numnqm "“""‘“"‘"“"“"' by WV 30
mem muhummmwmmmmm—
v The epithmbum of he Duoesl MUCOoRa 20ts ¥ 4 Dorrier 00 the pormeation of diuge mm anaiyeis OWorosoft Excel 3007, USAL Purmeatility
hmmh&dmmui&:‘ﬂbzhud elle n rabe wers Duta was uaing orewey
ANOVA Bonterroni Post Hoc C’B for Windoen®,
< :J::zbdu-—m_mmm& :uw ‘ ond 2 s wr _“‘M Sioaiy wem divided
o be = nmmmmno-mm«mn
A concentrations slated shove, Electren y (TEM) was ed to

P i iR e R a i ol e it W e Bk enbedoed m rpacy sesine for TEM weng standend protocels, Litrathin sections were

contrasied with wianyl acetate and wad citrate and viessd win 3 JECL 2010 TEM

PERMEABILITY EVALUATION TRANSMISSION ELECTRON MICRSOCOPY

ligterm2)

Time (08} | bz_—L

P The ofler | of BTG comm matiatien: w1 o puemastion poalies Weas 185 R )

Funie 1 EINCE of AN G Bt S6 1he pRTRay Baesmtacs ot 34 Maas 190N 4 3

Further © ASPEN Pharmacare and Unteersdy of Kwe-Zubs Netal bor financisl support.
» of AVGal are thus required to detwrmine its safety. - Blomedval Resowrce Une UKZK 1or Doccal mocona.

© Electron Micrsecepes Une, UKIN for LM, TEM sl Image ssfyws

282



283



M
Wmmm- mnw,mw Mpllo Nkukhu?, snviese
Mali Somtsewu® and Thirumala Govender! KWAZILD WATAL
'School of Ph y and logy, Univarsity of Ry Natal, Private Bag X54001, Durban, South Africa.

roman Mot seious e of Sesth i SutGatara Africs and

especially i Scum Alnca

A HIVIAIDS aruge. sech ac didanosne (0011, are avadable 501 the seal roune

o AOmmAT AN Oy (M) o

::‘““""“'::”’"'""'"WW”‘M""““ Fadragirt RS.100 (FUD) were grapared 41 varyng rates using 3 Sikcone
Moubded Tiay with dieadial webe “MMMI’WM

The incorporstion of an ARV s & buccet delvery system has not bees

pised & > wvecur e ang EUD fivms ty [

wdo‘“”u-mﬁouﬁuuﬂmh

et " Flim ovataation
S d -‘ e .'.-“.___’ “ vt Fine wern characiermed in terms of deig cuntent UV Sceciruphotometry) and
mum|wmum 4 Nm—mm:vn Picknens wan messied wh an

Ovptal
rection Micioscogry (SEMG

PG (1:0.95) oty thre were eiwans profiies. ddtEUD (1:2.4)
SOl Bime were homogencus, sisstic and teile wmmmm

¢ The woorporation of el into MMFs wih polyteers and drug of oppoting solebiiles J HPNC SUD
(19.5:2.5) imsadtad i Bomogenows, slastc and Nexitse fkns with immediate remass pridies

e EUO fed 0 rebeane profies (Figues 1),
Dy comant, slpe, thicksoss and weiyht of the MWFs &l HPMC EUD (1 35 2.5) wern 3785 £ ST70%,
Ddcm ommmmmmunnum

“SEM showed the thms 0 have 4 smooth and Somogeeous compact surface prior 10 deschton and
changes in texture and pore fOMMaton afer dasclunon.

! ‘.

M Uy

ot Drag Pemos poufiben of MIWC Niws Contissng 03

. e an
@ A |0

_._—’——’——."I%\‘

- -
—
—e—wan

Tima for O relesne
Mmtuwm-%dm
adl fwieane wilh

Telease profles with imp 2 o te

iy o T The various fima pregered (n i stely are L of o Blme . 4
tracal dedhenry wystom

TEE OUNS, B for

i can be preparod.

. Civarzo wtail 2005, Int. 4. Prarm, 301; 4279
¥ ..._.::,,.,.":},._,3.‘:" © ASPEN Pharmadare ael University of Kwa-Zui Matal for Snan el sopport
. Period of i 2008, It J Pharm 396 1820 Cmclion Mizroscape U, UKIN. fin Light Meroscopy & mege snatyse.
Noesi ot &l 2083, M Dev Tech. 8 195208
Perureat of ol 2008, nl J Phaem. 358 154191
. Martin ot o 3003, Bur J Mhaem Blopharm 55 3348

284



EFFECT OF ALOE VERA GEL ON THE BUCCAL POLYMERIC FILMS OF
DIDANOSINE

¢

: . -
E. Ojewole!, J, Hamman?, A Viljoen? and 7. Govender® e

School of Pharmacy and Pharmacology, University of mmmmmmm
wmmu—-mnmm

» Preparation of Films

Flom on HPMC) a0 Ewd RS100

Mhaﬂn‘mﬁo‘ullio mmmwmmm
Way [SMT) with Seflen coated parspen wierls by stivest tasiing | eveporstios

m“—-mummuum ol Avgel In varying

ooncentrations of 35, 38 and 75 Swiw were formulsted ring the abose mettod

7 Evaluation of Films

Routive aviliations of both da mad oslWepe! Sime wees perfonmed » trems of

Appewande {Sameung SQUE sameia, Japan) hiskness (Dighel mirometes

mnwmmmmﬂmm-ﬁ-‘m

sang UV uang wecte
mmmnuumamw|mmmm
Parmugal) were assessed

RESULTS AND DISCUSSIONS

Tabde L Avwwy vl of &l sl SUE/ Asgel e [ Mean £ SD), N=%)

CONCLUSIONS

~Results showed that Avgel can be P
Bbuceal polymetic Nims of ddi.

#Avgel retirded and controlied the releass of ddl from the ddiiAvgel
duccal fitms.

»Boased on the resuits in this study. the assay of the ddi and ddifAvgel
Tiims m"z'bo further investigations 10 ensure values comply with
compe!

and Nexidle with thickness
mmuwxmmwuusmm

< ddiAwgel 50%wiw Nims were thicker (0,55 £ 0.02 mm, p * 0.210), heavier
(313,78 £ 5.33 my, p = 0.00), and stickier with palchy surfacus compared 1o
Ao foee.

dutl ey
L] A el

| A28
— 1/ Avgel(73%)

i W Cammpariai of drug relase poodSes of G010 the slreince siid presence sl
Avipd, Mean 25D, N =6}

« Drug refeased from ddlAvge! Hims were genarally lower than the ddi
fims. The lower porcantage drug releaced trom 62,39 £ 6.11% (control)
o 45,13 £ 2.25% {50%) could be due to diffunion of ddi being retarded
by Avgel. A similar study has reported the modifying effect of Avgel In
@ sustained release matrix tabilets {Jani ot &l 2007).

« Therefore, the overall decreass In drug release over the eght hours af
study cowid bo crodited 0 the modifying effects of Avgel

dweum,:mwmm
ACKNOWLEDGEMENTS

* UKZN, Aspen Pharmacare, MRC and NRF for tinanclal suppoet
. mmmumusanm

285



APPENDIX Vi

WEB OF SCIENCE CORE COLLECTION - CITATION REPORT
From:

https://apps.webofknowledge.com/summary.do?product=WOS&sear...

286


https://apps.webofknowledge.com/summary.do?product=WOS&sear

Web of Science (v.5.15] - Web of Science Core Collection Citation ... hetp:/iapps. weboflmowledge. com/summuary do?product- WOS &sear.,,

ek o & | | Reporias | Fusntil Scknoe indcaors s | FroMeres | [-.-n--]m.lg.-J
Search Retum to Search Results | My Tooly | Search Mistory | Marked List
Citation Report: 10

(fromm Webaf Scivmar Care Collection)

You searched for. AUTHOR; {Opwate E) . More

T rpcrt relincis chasors 1o source ems indeand withie Web of Sckerco Coro Colechion. Porrm b Cad Referonce Search i s chud citalons 5 e nof isdessd miftn
Wobs of Sdience Cose Colesten.

Published Items In Each Year Clulomlumvnr
‘.
"
"
3 " Reswits fouse 10
1" Sum of mo Thnes Cred (7)1 80
2 1 Bum of Thnes Ched without emti-citations [7) - 58
: Ciing Artiches (71 95
1 i Ciwg Arsicies withost sell-chetions (1 08
l ' 3 Averege Chathns pas ltom (7] 3.0¢
. . heledtex (7 3
$ T FE R 3} TE IR AR
The latect 20 years 30 Gaplayed. rmmamnm
Sotby  Thanes Ciind - highest 10 lowest Page | ot 1

2T 2012 2013 2044 2018 Totw  Averzge
- »
per Year

Use e chockhoess 10 semove indhidea) lhass feom this Csticn Repan
ur et o Beire acbidhad batween 2008 =d 2014 o a 1 w i ¢ " ne

1. Exploring the use of novel drug delivary systems far
antiretrovirel drugs

By: Ojowalo, Eizabeth, Mazkeaj Inen; Makdoo, Panisinrs, ¢ o, N woow 2 o ™ £86
EURCPEAN JOURNAL OF PHARMACEVTICS AND
BOP-ARMACEUTICS Votme 10 bssue 5 Pages: 637-710 Pubishad:
NOV 2006
2 Poly Narop for 2 A | Orog
Thorapy s 3 2 o 9 B3 29

By: Goverder T, Ofawaie, E; Nakieo, P o al.
DRUG DELIVERY Volome 15 Issun: 8 Pages: A93-501 Publshes 7003

3 Investigsting the Effect of Aloe vera Gel on the Buccal

Permpabiity af Didancaing
By: Opewoin, Exzabeth; Mackray, Irene; Akhundov, Karmi; ot ar 0 o ' 8 Q [ 200
g’AZN'I’Am Volume: 75 lssue 4 Pagex 364361 Fubkshed: MAR
4. Mgh-energy ball miing of p ary
across the buscal mucess
By Rambheross, Sanjeey; Opwole, Ekzabeth; Oranham, Michoet, o1 2k 0 0 0 3 0 3 30

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY Voume: 40 Issue; §
a4

ES compum!m mmmm of didanosine

byp
whmoﬁmmmwhm [} o ¢ 3 o 3 g0
By: Rambtarcse, Ssnpoec Opwols, Ezabetic Mackia), veon of 8l

1of2 2014/11/15 05:05PM

287



Web of Science [v.5.15) - Web of Science Core Collectton Citation .., hap://apps webofimowledge.convsummary. do?peoduce-WOS &sear.

wmmunmmomnwmom Vohune: 18
Istue 1 Pagos: 82.50 Pubichod: FEB 20

S, Monclayered multipolymenic buocal Mims with diug snd
mmmdommmmmmm Phytbo-
argd
o
By: Jones, Elsabe: Ojowolo, Eleabetiy Phay, Vinesc: of al.
INTERNATIONAL JOURNAL OF PHARMACEUTICE Vohore: 455 lawe: 1-2
Pages 107-212 Pulfisted: OCT 152013

7. Noval okic scid derhy hucecal per of
didanosine

By: Opswols, Elzabet Ko A Q9 o (.} o (] g aos

Fahut
DRUG DEVELOPMENT AND INDUETRIAL PHARMALY Vvluww ms
Pogos: 657660 Published: MAY 2014

8 Invitro rathy of ayered multio
fikms embedded with did: inedoaded soiid lipkd
nanoparticies: a potential buccal Arug defivery system for ARV
thetapy o a ] o ] 0 oco
By. Jores, Eaba; Ojewacle, Blizadetic Kaltwpuin, Rahet ot al
CRUG DEVELGPMENT AN INCUSTRIAL PHARMACY Vokame: 40 jccuo: &
Pages: 866679

Pabrhed MAY 2014

- nmmmum'«-wmmmmm
of bty # atudies

By: Oprvolo, E Macki | Akhundow, 3C; of ol L o a s 0 o ooq
JOUSIHAL OF PHARMACY AND FHARMACCLOGY Volame: 61 Pages:
AMA35 Meoting Abatract: 44 Publaied: 2009

10 Prepacation and evadiation of dhesiye i filmys for
buocal ¥ of ants 18 drug (didanasin)

By: Owecle, £.; Mookl | Jonsss, £ et ol a o a o a a 0.00
SOURNAL OF PHMRIMACY AND PHARMACCLOGY Volame: 61 Pages:
: 2008

832y Times Gred ~ highest to lowest Page 1 of 1

36 encords mistederd pair guery of the 1203, 496 (v the dom Bt groer srincted]

0201 THONSON HEUTERS TRSAE OF use PRVALY POLICY FLECTACK

20f2 2014/11/15 05:05 PM

288



APPENDIX IX

PUBLICATIONS CO-AUTHORED / CO-SUPERVISED

DURING THIS STUDY

289



PUBLICATIONS CO-AUTHORED / CO-SUPERVISED DURING THIS STUDY

1. PUBLICATION CO-AUTHORED

Below is a publication (review article) from the literature search generated

during this study.

1.1 T Govender, E Ojewole, P Naidoo, | Mackraj Polymeric nanopatrticles for

enhancing antiretroviral drug therapy. Drug Delivery, 2008; 15: 493 — 501.

2. PUBLICATIONS FROM CO-SUPERVISION
Below is a list of publications co-supervised during this study. The two Masters
Students generated the data for these publications, submitted their

disstertations and graduated during this study.

2.1 Elsabe Jones, Elizabeth Ojewole, Viness Pillay, Pradeep Kumar,
Sanjeev  Rambharose, Thirumala  Govender. Monolayered
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