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ABSTRACT

This project aimed to design nanoparticles-in-beads made of alginate, chitosan and their
derivatives as oral insulin carrier. In the first part of the study, the calcium alginate beads
were prepared using the vibratory nozzle extrusion microencapsulation technique through
concurrent core and coat formation with chlorpheniramine maleate as a model drug.
These beads were coated with chitosan/chitosan-oleic acid conjugate of which the latter
was synthesized via covalent reaction. The formability of beads was optimized through
varying alginate solution concentration, alginate/chitosan solution flow rate and nozzle
vibrational frequency. The size, shape, morphology, swelling, erosion, water uptake, drug
content, drug release and matrix molecular profiles of beads were characterized. Spherical
discrete coated beads were produced through critical interplay of nozzle vibrational
frequency and polymeric solution flow rate. The conjugate-coated beads had their
swelling and water uptake tendency negated through the introduction of tripolyphosphate
ions as a crosslinking agent to attract the conjugate to the alginate core interface for
coacervation to take place. The drug release propensity of tripolyphosphate-crosslinked,
chitosan-oleic acid conjugate-coated beads was unexpectedly higher than the uncoated
beads. This was attributed to reduced drug-alginate interaction as a result of alginate
coacervating with chitosan-oleic acid conjugate and loss of calcium alginate crosslinkage
to tripolyphosphate species. In the second part of the study, nanoparticles of simple
calcium alginate, calcium alginate-stearic acid, and calcium alginate-C18 conjugate were
prepared by nanospray drying technique. Alginate-C18 conjugate was chemically
synthesized with the aim of introducing a hydrophobic segment to the polymer chain for
drug release modulation. The nanoparticles size, zeta potential, surface morphology, drug
content, drug encapsulation efficiency, drug release, matrix molecular characteristics,
mucus penetration, HT-29 cell line cytotoxicity and intracellular trafficking profiles were
evaluated. Where applicable, the nanoparticles were loaded into calcium alginate beads
and had their in vivo blood glucose lowering and insulin bioavailability profiles
determined. The calcium alginate-C18 conjugate nanoparticles were characterized by
non-toxicity, reduced size and zeta potential thus enhanced mucus penetration and
intracellular trafficking, with minimal insulin readsorption tendency as a result of active
COOH/COO- sites of alginate being occupied by C18 conjugate. Loading of such
nanoparticles into tripolyphosphate-crosslinked, chitosan-oleic acid conjugate-coated
beads had their drug release reduced in the simulated gastric phase with the majority of
insulin being transported transmucosally in the form of nanoparticles at the intestinal
region. The combination of nanoparticles and coated beads increased the blood glucose
lowering extent of rats synergistically, and insulin bioavailability instead of nanoparticles
alone.
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CHAPTER ONE
INTRODUCTION

1.1 OVERVIEW

Oral drug administration is the most common and favoured route. In comparison
to injection route, oral drug delivery causes neither pain nor tissue damage and requires
less patient supervision, leading to enhanced patient compliance and reduced cost of
health care (Fox et al., 2015; Moeller & Jorgensen, 2008). In addition, oral route of
administration can omit the use of toxic solubilizing agents found in the injection
formulations (Garrido-Siles et al., 2014; Gelderblom, Verweij, Nooter, & Sparreboom,
2001; Thiel, Hermle & Brunner, 1986). Nevertheless, about 50 % of active
pharmaceutical ingredients have limitations associated with their oral uptake (Li & Zhao,
2007; Stegemann, Leveiller, Franchi, de Jong, & Linden, 2007). The main obstacles to
oral drug delivery are drug degradation, low drug permeability, and low drug solubility,
thereby resulting in low drug bioavailability (Agrawal, Sharma, Gupta, & Vyas, 2014).
Extensive research studies have been conducted to enhance oral drug delivery using
different excipients to improve drug solubility, drug permeation or control drug release to
minimize drug degradation via micro and nanoparticulate strategies, drug-polymer
conjugation and modification, drug coating, use of transporter protein inhibitors, smart
polymers and ligands (Bernkop-Schniirch, Kast, & Guggi, 2003; Chirra & Desai, 2012;
Fasano & Uzzau, 1997; Felton & Porter, 2013; Hassan, Ahad, Ali, & Ali, 2010; Hunter,
Elsom, Wibroe, & Moghimi, 2012; Lehr, 2000; Pawar et al., 2014; Ponchel & Irache,
1998; Schwarz, Gramatte, Krappweis, Oertel, & Kirch, 2000).

Oral insulin delivery is one of the long term goals of the pharmaceutical industry.
Although there have been important developments in recent years such as jet injectors,
insulin pumps, artificial pancreas and insulin pens, insulin delivery via polymeric nano or
microparticles has shown interesting promise as non-injection mode of drug
administration (Delie & Blanco-Prieto, 2005). Up till today, multiple daily injections of

insulin are still the routine approach for the treatment of insulin-dependent diabetic





