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ABSTRACT

Polymeric nanoparticles are characterized by high risks of premature drug dissolution and 
low drug encapsulation efficiency. The latter is aggravated by slow nanoparticle 
formation from large molecular weight polymers due to their slow diffusion kinetics in 
the reaction medium. This study investigated large molecular weight pectin-chitosan 
coacervate in insulin encapsulation and sustained release. The nanoparticles were 
prepared through coacervation of pectin-insulin and chitosan with tripolyphosphate 
anions in pectin-insulin mixture, or calcium cations in chitosan solution. The formed 
particles were nanospray-dried when required. The size, zeta potential, morphology, drug 
content, drug association efficiency, drug release, polymer-polymer and drug-polymer 
interaction in particulate matrix were examined. Both non-crosslinked and crosslinked 
pectin-chitosan nanoparticles failed to encapsulate insulin substantially, unless 
nanoparticles were formed with rapid particle aggregation into micromatrices during 
coacervation. The aggregation level of nanoparticles can be reduced via spray drying and 
disaggregation of the particle clusters. These nanoparticles demonstrated fast drug release 
and chitosan dissolution. The chitosan dissolves readily in intestinal medium and can be 
utilised to increase mucosal permeability of the promptly released insulin in future 
endeavour.
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CHAPTER ONE 

INTRODUCTION

1.1 OVERVIEW

Pectin is an anionic heteropolysaccharide made of 1,4 linked a-D- 

galactosyluronic acid residues and a range of neutral sugars [1, 2]. Chitosan is a cationic 

binary heteropolysaccharide consisting of (3(1-4) linked 2-acetamido-2-deoxy-(3-D- 

glucopyranose and 2-amino-2-deoxy-(3-D-glycopyranose units [3]. Both pectin and 

chitosan are biodegradable, biocompatible, safe and non-toxic. They have received a 

widespread application in oral drug delivery system design.

Diabetes mellitus is an endocrine disease which is related to the disorders of 

carbohydrate metabolism brought about by deficiency in insulin secretion, insulin 

resistance or both [4]. Epidemiology study indicates that hyperglycemia is the primary 

cause o f diabetes. The global burden of diabetes is estimated to increase from about 171 

million in 2000 to 366 million people in 2030. The primary mode of treatment of type 1 

diabetes is subcutaneous exogenous insulin administration. Most patients need to self- 

administer at least two injections of insulin daily or three to four injections for best 

control of blood glucose levels. The diabetes patients regard the injection needle as a 

bothering necessity and consider it to be a stigma of their disease.

Oral route has been explored by researchers as the alternative insulin 

administration pathways [4]. Chitosan has been intensively examined as potential oral 

insulin carrier in the forms of either single-unit or multi-particulate system, 

tripolyphosphate crosslinked or alginate- and dextran sulphate-coacervated matrices, and 

microparticles or nanoparticles [4-7]. The matrix polymers are required to protect the 

insulin from pH or enzymatic degradation, promote intestinal mucoadhesion and sustain 

drug release of matrix. Chitosan is found to interact weakly with insulin and the formed 

matrix exhibit fast insulin release [8 , 9]. Pectin is well known for its ability to withstand 

degradation in upper gastrointestinal tract [10]. Nonetheless, for a water-soluble polymer

1


	DESIGN OF PECTIN-CHITOSAN NANOPARTICLES AS ORAL INSULIN CARRIER
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 OVERVIEW
	1.2 PROBLEM STATEMENT
	1.3 OBJECTIVES OF STUDY
	1.4 SCOPE OF STUDY
	1.5 ORGANIZATION OF THE THESIS

	CHAPTER TWO LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 ORAL DRUG DELIVERY SYSTEM
	2.3 DIABETES MELLITUS
	2.3.1 Type 1 Diabetes Mellitus
	2.3.2 Type 2 Diabetes Mellitus
	2.3.3 Gestational Diabetes
	2.3.4 Signs and Symptoms
	2.3.5 Diabetes Complications
	2.3.6 Management of Diabetes

	2.4 INSULIN
	2.4.1 Alternative Routes of Insulin Administration
	2.4.2 Oral Insulin Dosage Forms

	2.5 CHITOSAN
	2.5.1 Physicochemical Properties of Chitosan
	2.5.2 Biological Properties of Chitosan
	2.5.3 Drug Delivery Applications

	2.6 PECTIN
	2.6.1 Chemical Structure of Pectin
	2.6.2 Types of Pectin
	2.6.3 Physicochemical Properties of Pectin
	2.6.4 Pectin Applications in Industry

	2.7 CHITOSAN NANOPARTICLES AS ORAL INSULIN CARRIER
	2.7.1 Low Molecular Weight Chitosan Nanoparticles
	2.7.2 Chitosan-Enhanced Lipid-Insulin Complex Nanoparticles
	2.7.3 Sulphated/derivatized Chitosan Solution and Nanoparticles


	CHAPTER THREE RESEARCH METHODOLOGY
	3.1 INTRODUCTION
	3.2 MATERIALS
	3.3 METHODS
	3.3.1 Development of Pectin-Chitosan Nanoparticles
	3.3.2 Development of Insulin Loaded Pectin-Chitosan Nanoparticles
	3.3.3 Preparation of Crosslinked Pectin-Chitosan Nanoparticles
	3.3.4 Nanospray Drying of Tripolyphosphate-Crosslinked Microparticles
	3.3.5 Physicochemical Characterization


	CHAPTER FOUR RESULTS AND DISCUSSION
	4.1 NON-CROSSLINKED PECTIN-CHITOSAN NANOPARTICLES
	4.2 IONICALLY CROSSLINKED PECTIN-CHITOSAN NANOPARTICLES
	4.3 NANOSPRAY DRYING OF TRIPOLYPHOSPHATE-CROSSLINKED PECTIN-CHITOSAN MICROPARTICLES

	CHAPTER FIVE CONCLUSIONS AND RECOMMENDATIONS
	5.1 CONCLUSIONS
	5.2 RECOMMENDATIONS

	REFERENCES
	APPENDIX
	AUTHOR’S PROFILE



